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Abstract Bone morphogenic proteins (BMPs) are potent
osteoinductive agents. Their use in fracture surgery is still
being studied and the clinical indications are evolving.
Heterotopic bone after BMP use in spine surgery is a
known complication. While some literature describes the
ability of BMP to enhance fracture healing, few articles
describe complications of BMP. In tibial plateau fractures,
after elevating the cartilage en mass, a subchondral void
may be created in these fractures. Structural support pro-
vided by bone void-filling agents can be augmented with
osteoinduction achieved by BMP. We asked whether het-
erotopic bone formation would occur more frequently with
BMP-2 when used in tibial plateau fractures and whether
BMP-2 enhanced the ability to maintain surgically restored
subchondral bone integrity. Heterotopic bone developed
more frequently in patients receiving BMP (10 of 17) than
in patients not receiving BMP (one of 23). Four patients
receiving BMP and no patients not receiving BMP under-
went removal of heterotopic bone. Maintenance of
subchondral bone integrity was similar without and with
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the use of BMP. BMP is a potent osteoinductive agent;
however, when used for an off-label indication in periar-
ticular situations, complications such as heterotopic bone
are common and increase reoperation rates.

Level of Evidence: Level IV, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Bone morphogenic proteins (BMPs) are members of the
transforming growth factor B superfamily. Some 20 BMPs
have been identified so far, of which recombinant BMP-2
and BMP-7 are commercially available for treatment pur-
poses. BMPs are probably the most important growth
factors in bone formation and healing [45] and play critical
roles in embryonic development and regeneration of skel-
etal tissue in adults [29]. BMP can be delivered to a
surgical site by a variety of carrier and delivery systems.
These carrier systems, which are absorbed over a period of
time, maintain the concentration of the BMP at the treat-
ment site [16, 39, 43]. They also provide temporary
scaffolding for osteogenesis and are intended to prevent
extraneous bone formation [14, 16, 27]. Carrier systems
include inorganic material synthetic polymer [12, 16, 20,
50], natural polymers [16, 28, 39], and bone allograft
[2, 18]. Different clinical applications require different
doses of BMPs with different carrier systems. These carrier
systems are important variables in the clinical use of
BMPs.

The bone induced by BMP-2 appears normal (by his-
tologic criteria), functions normally (by biomechanical
criteria), and remodels normally (by radiographic and
histologic criteria) [5—7, 15, 40]. BMP aids differentiation
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of mesenchymal cells into osteoblasts and chondroblasts
and helps in vascular invasion [49]. Apart from its use in
spinal fusion surgery, BMP-2 has multiple uses in fracture
management, including use as an alternative to autograft in
recalcitrant long bone nonunion and acute open fractures of
the tibial shaft [26, 31, 36] and as an alternative or adjunct
to bone grafting in other locations, such as craniomax-
illofacial surgeries [46]. BMPs stimulate ectopic bone
formation in vivo [35, 44, 51], probably by initiating the
differentiation of mesenchymal stem cells into mature
osteoblasts and chondroblasts. The clinical implication of
the ectopic bone induced by BMP has been extensively
studied. Incidence and clinical complications of ectopic
bone have been reported in spinal fusion surgeries [8, 19,
22, 50]. With the benefits and complications of BMP-2 still
being studied, the indications for its use are still evolving.
Surgical treatment of tibial plateau fractures can be
challenging. Numerous studies demonstrate articular
incongruity and joint instability are critical factors affecting
the outcome of surgery and suggest these are the leading
causes of posttraumatic osteoarthritis [1, 4, 23, 25, 34, 37,
38]. Maintaining the articular congruence until healing is
vital for good functional outcomes. In patients with poor
bone stock, maintaining articular congruity until healing
without subchondral bone collapse can be a challenge, even
with a stable biomechanical construct (Fig. 1). Osteoinduc-
tive and osteoconductive agents may produce more
structural integrity and hasten healing. In 2005, we began
using BMP-2 in tibial plateau fractures as an adjunct to
structural subchondral bone void fillers as an off-label use.
We asked (1) whether heterotopic ossification (HO)
would be increased with the use of BMP-2 in tibial plateau
fractures; and (2) whether BMP-2 would enhance mainte-
nance of subchondral bone integrity after restoration.

Patients and Methods

We retrospectively reviewed the charts and radiographs of
44 patients who underwent surgery for acute traumatic
tibial plateau fractures between September 2005 and June
2006. We excluded four patients who were lost to fol-
lowup, leaving 40 patients for the study cohort. Surgery
was performed within 7 days of the injury in all cases by a
fellowship-trained trauma surgeon (DGL). The average age
of the patients was 53 years (range, 17-83 years). Nineteen
patients were younger than 60 years old. There were 22
males and 18 females in the study. We classified the
patients into two groups: those who received intraopera-
tively the osteoinductive agent BMP-2 (BMP-positive
group; n = 17) and those who did not (BMP-negative
group; n = 23). The minimum followup in the BMP-
positive group was 12 months (average, 18 months;
range, 12-25 months). The minimum followup in the
BMP-negative group was 13 months (average, 18 months;
range, 13-26 months). All information was obtained from
the medical records; no patients were recalled specifically
for this study. We had prior approval from our Institutional
Review Board.

We used a Type I collagen sponge (Medtronic, Sofamor
Danek, Memphis, TN) as the carrier of the recombinant
human BMP-2 for insertion into the fracture site per the
manufacturer’s guidelines. A 7.5- x 10-mm absorbable
collagen sponge of Type 1 derived from bovine Achilles
tendon was used a surgical matrix. A standardized manu-
facturer’s protocol was used to constitute BMP with sterile
water. Freeze-dried, cancellous fibular allograft was trim-
med to the required shape and was placed in the
metaphyseal bony defect. After hemostasis was achieved,
the collagen sponge with BMP was used as an onlay,

Fig. 1A-C (A) A plain radiograph of a tibial plateau fracture
demonstrates the subchondral bone impaction. (B) An axial section of
a computed tomography scan demonstrates the subchondral bone
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impaction in the tibial plateau fracture. (C) Intraoperative fluoroscopy
demonstrates the anatomic reduction of the articular cartilage.
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covering the allograft and bridging the fracture fragments.
Early on in the series, we did not use BMP in the treatment
of tibial plateau fractures. Rather, after en bloc elevation of
the articular cartilage, we used subchondral bone void
fillers. The choice of the bone void filler depended on the
quality of the metaphyseal bone and the size of the defect
after elevation of the articular cartilage. Allograft fibula
was our void filler of choice when a sizable structural
defect was present. Norian bone cement (Norian Corp,
West Chester, PA) and demineralized bone matrix were
used more frequently early on in the series. Since the
indications of different bone void fillers evolved over the
course of the study period, it is difficult to assess the true
isolated effect of BMP after controlling other variables,
including the choice of other void fillers and the quality of
the bone; however, we have reported the subchondral bone
integrity when BMP was used. Of the 17 patients in the
BMP-positive group, four patients received demineralized
bone matrix, two patients received calcium phosphate bone
cement, and 11 patients received fibular allograft for
structural support.

All patients were followed up at 1, 3, 6, and 12 months
and yearly thereafter. Radiographs were made at every
followup visit. We recorded union, additional surgeries,
and other complications, including reoperation rates for
removal of HO around the knee, from the medical charts.
We also noted the use of other bone-grafting agents, such
as calcium phosphate bone cement, demineralized bone
matrix, allograft fibula, and autografts.

Three of us (SB, DH, MW) independently assessed
radiographs for the presence and site of HO and sub-
chondral bone settling. The amount was quantified using
length and breadth measurements of the fragments on
magnification-standardized anteroposterior radiograph
film. We noted fragments of HO located on the lateral side
in the iliotibial band area but not on the medial side of
the tibia because the surgical approach through which the
collagen-soaked BMP sponge was placed was from the
lateral side and any HO there would not likely relate to
the sponge. We deemed this appropriate because there was
very little chance, if any, the BMP would have seeped to
the medial side. To identify postoperative subchondral

Table 1. Comparison between the two groups

bone settling we used joint line congruity as a marker. That
is, we compared the articular surface depression between
the immediate postoperative radiographs and the radio-
graphs at the most recent followup. A line was drawn along
the tibial shaft axis. Two more lines were drawn along the
articular surface of the fractured condyle and the unfrac-
tured condyle to intersect the first line. In the immediate
postoperative radiographs, the latter two lines typically
overlapped. These lines were then drawn on the late
postoperative radiographs. The subchondral bone settling
was measured by the difference between the two lines
along the articular surface for each condyle. In case of
bicondylar fractures, the preoperative and postoperative
radiographs were overlaid to generate the readings.

We used Fisher’s exact test to compare the differences
in HO formation, reoperation rates, and the maintenance of
articular congruity between the BMP-positive and BMP-
negative groups. To determine whether the age, use of
BMP-2, surgical approach, and use of other bone-grafting
agents predicted HO, we performed multivariable log-
binomial regressions.

Results

The risk of developing HO was higher (relative risk, 14;
95% confidence interval, 2, 96; p < 0.001) in the patients
receiving BMP (10 of 17) than in those not receiving BMP
(one of 23) (Table 1). The average length and breadth of
the HO fragments were 13.6 mm and 9.9 mm, respectively,
on magnification-standardized anteroposterior radiographs.
Also, more (p = 0.026) patients in the BMP-positive group
(four of 17) underwent removal of ectopic bone (including
three arthroscopic arthrolysis and one open surgery) than
patients in the BMP-negative group (none) (Table 1). We
found no association (p < 0.01) between the variables
other than the use of BMP (ie, age, gender, and use of other
bone-grafting agents) and the development of HO.

There was no difference (p = 0.78) in maintenance
of articular congruence between the two groups (1-mm
margin in the BMP-positive group versus 2.3-mm margin
in the BMP-negative group) (Table 1).

Parameter BMP-positive BMP-negative p Value
Total number of patients 17 23

Number of patients who developed HO 10 (59%) 1 (4%) < 0.001
Number of patients who underwent excision of HO 4 (24%) 0 (0%) 0.026
Average subchondral bone settlement during healing (mm) 1 2.3 0.78

BMP = bone morphogenetic protein; HO = heterotopic ossification.
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Discussion

BMPs are potent agents in inducing new bone formation.
They bind to receptors on the pluripotent mesenchymal
cells and cause them to differentiate into osteoblasts and
chondroblasts. BMP may form bone by an endochondral
(through a cartilage intermediate) or intramembranous
(direct) bone formation pathway, but bone formation by
BMP is a self-limiting process [49]. BMP is the major
physiologic factor in fracture healing and its expression
increases during fracture healing; it has been widely stud-
ied as a therapeutic bone-healing agent. We asked whether
the likelihood of HO would be increased with the use of
BMP-2 in tibial plateau fractures and whether BMP-2
would enhance our ability to maintain subchondral bone
integrity after surgical restoration.

There are limitations to our study. First, we used BMP
only later in the series. The choice of the bone void filler
evolved over the study period. The use of BMP with or
without other adjunct void fillers has not been randomized.
Second, the fracture patterns and the patient population
were heterogeneous. This heterogeneity may mask the
benefits of BMP in maintaining the subchondral bone
integrity; however, our main purpose was to report the
complications of its use. When extrapolating this clinical
result, the reader should be mindful of this limitation.
Third, since the study sample is small, the power of the
study is limited. A prospective randomized study using a
carrier system that contains the BMP to the area of interest,
after controlling for demographics and fracture pattern, is
needed to outline the benefits and complications of using a
potent osteoinductive agent in a periarticular fracture
situation.

Early clinical experience suggested high fusion rates in
vertebral bodies with the use of BMP [9-11]. Literature also
exists describing the benefits of using BMP in diaphyseal
fractures. A combination of allograft and recombinant BMP-
2 is reportedly as safe and effective as traditional bone graft
[17,24]. BMP-2, when implanted in a collagen carrier, is also
reportedly effective for treating tibial nonunions [13]. BMP
apparently results in higher union rates and decreased
infection rates with open tibial fractures [42].

Although multiple benefits are being ascribed to the use
of BMP in spinal and trauma surgery, its use is not free of
complications. A recent study reported formation of ecto-
pic epidural bone formation; however, the authors reported
no clinical implications [19]. Wong et al. [50], in contrast,
reported association of neurologic impairment with use of
BMP in anterior interbody fusion surgery. Other compli-
cations, including bone resorption or remodeling at the
graft site, hematoma, neck swelling, and painful seroma,
have been reported in the spine literature [3, 8, 19, 30, 33,
47, 48]. Shields et al. [41] reported about 23.2% incidence
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of complications in the postoperative period ranging from
hematoma to large swellings in the neck in patients who
underwent anterior cervical spine fusion. All these patients
required either hospital readmission or a longer stay in the
hospital. Respiratory distress and dysphagia may result
from BMP-induced anterior neck swelling [32]. Katsuno
et al. [21] reported a possible association of BMP use with
increased invasiveness of breast cancer through the
enhancing of invasion and bone metastasis through the
SMAD pathway.

Off-label use of BMP in a periarticular fracture situa-
tion, particularly in tibial plateau fractures, might lead to
higher reoperation rates as a result of the symptoms asso-
ciated with HO formation. Surgeons must exercise caution
and weigh the risks and benefits of these products before
using them in their patients.
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