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4.1	 �Introduction

For many maxillofacial reconstructions, the pre-
ferred method for reconstruction has incorporated 
autografts harvested from various parts of the body. 
This includes microvascular free flap as well as 
other types of tissue transfers. Recently, this stan-
dard has been challenged by the rapid increased 
research into osteogenic factors in an attempt to 
eliminate the need for a donor site and associated 
morbidities such as longer operating time, second-
ary surgical site, higher amounts of blood loss, 
donor site pain, ambulation, infection, impaired 
wound healing, hematoma, and donor site fracture 
[1–3]. Donor site pain is the most common postop-
erative complication in regard to ICBG harvest, 
and current research suggests a long-term compli-
cation rate ranging from 25 to 46.5% [4–6]. This 
means, for ICBG cases alone, we can expect an 
average of one patient in four experiencing a com-
plication which may possibly last long term [4–6]. 
Currently research is focusing on numerous osteo-
genic factors (BMP-2, PRP, PDGF, TFG-β, and 
IGF) with recombinant human bone morphoge-
netic protein-2 (rhBMP-2) showing the most prom-
ise with regard to bone formation [7].

4.2	 �What Are They?

BMPs are a family of cytokines, in the TGF-β 
family, that are involved in angiogenesis, cell 
apoptosis, inflammation, and the development 
and maintenance of many processes throughout 
of the body [8]. BMP’s main role, for the limits of 
the discussion of maxillofacial reconstruction, is 
the mediation of bone and cartilage formation 
and maintenance [8, 9]. BMP-2  in particular 
emerged as a major cytokine of interest, in regard 
to its potential for clinical application, due to its 
specific osteogenic properties [3, 8, 9]. Bone 
grafting in the maxillofacial region is primarily 
completed via autografting from the iliac crest 
because the use of other grafting materials (xeno-
grafts and allografts) is not considered osteogenic 
and the body takes longer to replace the grafting 
material because osteogenic and osteolytic cells 
need to be recruited to the grafting site and dif-
ferentiate into mature osteogenic cells before 
bone turnover can begin. In some cases, a decal-
cifying stage may be needed before the material 
can be turned over if the grafting material is cal-
cified adding to the turnover time.

For larger defects such as segmental defects of 
the jaw, non-autogenous grafts have not been 
shown to have a high success rate, and thus auto-
grafts are indicated. The combination of allografts 
or xenografts with BMP-2 has shown promise for 
reconstrution by the addition of a growth factor 
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to non-autogenous grafts, granting osteoconduc-
tive properties closer to autogenous grafts.

4.3	 �How Do They Work?

BMP-2 is uniquely osteogenic, when compared 
to other growth factors because BMP-2 induces 
undifferentiated mesenchymal cells to differenti-
ate into osteoblasts and exhibits chemotactic 
effects toward human osteoblasts and osteoblast 
progenitor cells in the human marrow [4, 8]. 
BMP-2 binds to the surface proteins of undiffer-
entiated mesenchymal cells and activates tran-
scription factors SMAD-1, SMAD-5, and 
SMAD-8 which complexes with SMAD-4 in the 
cytosol [3, 8, 9]. The complex then travels to the 

cell’s nucleus and activates transcription factors, 
Runx-2 and TCF/TLEF, to trigger osteoblastic 
differentiation, maturation, and osteogenic 
effects (increased production of extracellular 
matrix, alkaline phosphate, and collagen-1) [3, 8, 
9] (Fig.  4.1). BMP-2 also indirectly induces 
osteoclastic effects through the RANK/RANKL 
and TRAP mechanisms which facilitates the 
replacement of grafting material eventually 
resulting in new bone formation [4, 3, 8, 9]. 
Because autografts feature no risk of graft rejec-
tion and the graft itself intrinsically has osteo-
genic properties, it’s easy to understand why 
autografting has remained the gold standard for 
so long. The fact that BMP-2 is osteoinductive is 
critical because using it with allografting and 
xenografting materials (which are not inherently 
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osteoinductive) potentially accelerates the substi-
tution of the material with natural “self” bone 
shortening the gap between these materials and 
autografting [4].

4.4	 �Clinically What Does It Look 
Like and How Do I Use It?

For maxillofacial reconstruction cases, rhBMP-2 
kits commonly present as a vial of rhBMP-2 and 
a vial of sterile saline and several ACSs that are 
easily manipulated to fit into a variety of shapes 
and sizes. The vials of rhBMP-2 come in concen-
trations of 1.5 mg/cc which has been found to be 
the optimum concentration for osteoinductive 
properties while minimizing postoperative com-
plications in the maxillofacial region [3, 10]. The 
size and location of the osseous defect and resto-
ration plan typically dictate the amount of 
rhBMP-2 used for the procedure. The ACS is 
soaked in the indicated amount of rhBMP-2 for 
15 min and placed into the grafting site within 2 
hours of opening the kit. The collagen sponge is 
then cut into small pieces and combined with a 
“graft extender.” This may be either autograft, 
non-autograft, or both. It is important to mix the 
sponge throughout the graft materials in order to 
incorporate the slow release properties of the 
BMP/ACS graft. When ready, the rhBMP-2/ACS 
graft material is placed into the defect. In most 
cases, a titanium mesh and membrane are used to 
maintain the graft material in the defect and to 
prevent soft tissue invasion into the grafting site 
that would normally result in grafting failure or 
not obtaining an adequate bone volume [4]. 
Fixation techniques vary in the literature depend-
ing on the grafting site [2, 3, 7, 8, 11, 12].

4.5	 �Does It Work? What Can I Use 
It For?

Traditionally, research has shown that autogenous 
grafts are associated with features the greatest 
success rates, in general for maxillofacial recon-
struction, when compared to allografting and 

xenografting procedures [13, 14]. Research 
reflects this trend for dental and prosthetic implants 
in that implants placed in allografted and xeno-
grafted bone are slightly less successful than in 
autografted sites, but depending on the situation, 
autografting may not always be possible [13, 14]. 
Autogenous grafting requires more surgical time, 
more blood loss, and the aforementioned compli-
cations [6, 10]. Also, in some situations, there may 
not be enough available tissue, in terms of volume 
and quality, to harvest if the defect is too extensive 
[1–6]. Therefore, even though autografting tech-
niques are slightly more successful, allografting 
and xenografting can lead to safe and successful 
outcomes for maxillofacial reconstruction.

Extensive animal studies [4, 7, 8, 10, 11, 15–
17] show that rhBMP-2 (INFUSE®) is a success-
ful, safe, and reliable material to use for 
critical-sized maxillary and mandibular bone 
defects, maxillary cleft reconstruction [13], and 
long-term dental implant support and retention 
[17]. Some animal studies even reported superior 
results with rhBMP-2 when compared with ICBG 
for certain procedures [16].

The first human trial using BMPs was con-
ducted in 2001 by Moghaden et al. and showed 
that BMPs can safely and successfully be used 
for xenografting in the mandible after healing in 
the trapezius muscle [18]. A few years later, 
rhBMP-2 with ACS was also shown to be safe 
and successful in repairing continuity defects in 
the mandible [3]. Thus far, the FDA approved 
rhBMP-2 with ACS use for maxillofacial sinus 
augmentation in 2007 (INFUSE®) but has been 
effective in meeting the needs for a variety of 
osseous maxillofacial reconstruction situations, 
as an off-label use [2, 3, 7, 8, 11, 12, 19].

More recent research shows rhBMP-2 with 
ACS and other allografting or xenografting 
materials features comparable and sometimes 
superior results compared to the standard ICBG 
modalities for alveolar cleft repair [2] (Fig. 4.2), 
localized alveolar bone defects [10] (Fig.  4.3), 
critical maxillary and mandibular bone defects 
[3, 4, 12], autogenous sinus augmentations [10], 
dental endosseous implant placement with resto-
ration [20], xenografting [18], alveolar socket 
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preservation [10], and craniofacial defects in 
general [7, 21]. When rhBMP-2 with ACS is used 
for alveolar socket preservation (Fig. 4.4), results 
showed double the amount of bone regeneration 
compared to empty control sites [10].

Alveolar cleft defect closure with rhBMP-2 
and ACS featured no statistically significant dif-
ference in success rates, failure rates, and needs 
for secondary surgery to facilitate hard tissue clo-
sure when compared to standard ICBG therapy 
[2]. For all other aforementioned procedures, case 
reports and reviews indicate similar success rates, 
failure rates, and needs for secondary operations 
when compared to the standard ICBG therapy 
[2, 3, 7, 8, 11, 12, 19]. Furthermore, there is no 
evidence to show that rhBMP-2 and ACS use in 
bone grafting for maxillofacial reconstruction 
prevents tooth eruption or orthodontic tooth 

movement [2]. On average, patients were evalu-
ated on a 6- and 18-month basis after surgery was 
completed and/or after functional loading at the 
grafting site [2, 3, 7, 8, 11, 12, 19].

Overall, articles report that rhBMP-2 with 
allo-/xenografting material features excellent 
grafting volume retention [2, 3, 7, 8, 11, 12, 19, 
21]. Histologic evaluation most commonly reports 
the rhBMP-2 sites being indistinguishable from 
the “normal bone” [2, 3, 7, 8, 11, 12, 19, 21]. 
Integration results at grafting sites feature the same 
if not better results when compared to autografting 
sites radiographically and histologically [2, 3, 7, 8, 
11, 12, 19, 21]. Measurement modalities included 
histologic sampling (for trabecular pattern, trabec-
ular thickness, and hard tissue volume) and radio-
logic evaluation (dental radiographs, CBCT scans, 
panoramics) [2, 3, 7, 8, 11, 12, 19, 21].
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Fig. 4.2  (a) Critical maxillary anterior osseous defect 
spanning tooth #3–11. (b) With anterior and posterior 
flaps reflected, the collagen sponge with rhBMP-2 was 
placed on the maxillary alveolar ridge. (c) Prefabricated 
titanium mesh placed to retain the graft. (d) Resorbable 

membrane placed over the titanium mesh to prevent soft 
tissue invasion. (e) Primary closure via 3.0 chromic 
suture. (f) One-year follow-up panoramic radiograph after 
implant placement and osseointegration
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Fig. 4.3  (a) Panoramic radiograph showing alveolar cleft 
defect between teeth #6 and #7. (b) Occlusal radiograph 
showing alveolar cleft defect between teeth #6 and #7. (c) 
Occlusal radiograph after cleft restoration with rhBMP-2/

ACS and orthodontic positioning. (d) Clinical view of 
cleft repair after rhBMP-2/ACS and orthodontic 
correction

4.6	 �Combination 
with Autografts

In some cases, it may be preferable to combine 
autogenous grafts with a growth factor. One 
example would be those cases which require 
reconstruction of the mandibular condyle as part 

of the primary reconstruction [22]. A costochon-
dral graft can be used to reconstruct the joint and 
limit the risk of ankylosis. An alteration would be 
to use a prosthesis to replace the joint. Another 
benefit of adding BMP to an autograft is that it 
reduces the size of graft harvest [22].
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4.7	 �Limits, Adverse Effects, 
and Contraindications 
with rhBMP-2/ACS

Despite the debate regarding rhBMP-2’s success 
and adverse events rates in animal and human tri-
als, the vast majority of articles show that most of 
the more serious postoperative complications are 
primarily seen with spinal fusion cases and not 
maxillofacial reconstruction [15, 23]. These most 
common complications for spinal fusion cases 

with rhBMP-2 are retrograde ejaculation, dys-
phagia, heterotopic bone formation, hematoma, 
seroma, osteolysis, and wound complications 
that all occur in differing rates [15, 23]. For max-
illofacial cases, certain postoperative complica-
tions, like postoperative infection and wound 
dehiscence, did not occur at a significantly differ-
ent rate compared to autografting complication 
rates [2]. Other adverse events specifically cor-
related with the use of rhBMP-2 in maxillofacial 
reconstruction are edema, erythema, and dyspha-
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Fig. 4.4  (a) Maxillary buccal flap reflected to appreci-
ate the three-walled osseous defect at tooth #9. (b) 
Surgical site after atraumatic extraction of tooth. (c) 

Bone graft with rhBMP-2 placed in the alveolus. (d) 
Adapted titanium mesh fixated. (e) Primary closure with 
3.0 chromic gut
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gia which are consistent with BMP-2’s inherent 
role in the inflammatory process [2, 5, 12, 20, 
24]. The complication rate for dysphagia ranges 
from 3 to 85%, with 25% being the most com-
monly reported. These complications most often 
are self-resolving, but about 10% require steroid 
therapy but no other interventions [2, 5, 24]. The 
rates for significant erythema and edema are 
much more difficult to quantify.

While the majority of edema and erythema 
complications self-resolve without the need for 
intervention and proceed onto successful recon-
struction, these complications should be taken 
seriously because they can be profound [4, 25–
27]. Reviews and case reports indicate that the 
maximum amount of postoperative edema and 
erythema occurs 3 to 4 days post-op with 
rhBMP-2 and usually lasts up to 8 days which is 
not outside the normal range for maxillofacial 
reconstructions in general anyway [25]. It is dif-
ficult to definitively identify the rate of signifi-
cant rhBMP-2-related postoperative edema and 
erythema because these are regularly occurring 
complications when preforming surgery in gen-
eral. The vast majority of these cases do self-
resolve with only a hand full of cases requiring 
postoperative steroids and did not require any 
further intervention [2, 3, 5, 7, 8, 11, 12, 19, 21].

The vast majority of serious complications 
requiring immediate intervention are not related 
to rhBMP-2. One reported case featured a patient 
requiring immediate return to the operating room 
due to postoperative hematoma formation [5]. 
This complication was attributed to the patient’s 
von Willebrand factor disease and found no rela-
tion to the rhBMP-2 used [5]. There was also one 
case of prolonged intubation attributed to 
patient’s history of obstructive sleep apnea also 
not related to rhBMP-2 use [2]. That being said, 
life-threatening situations do occur when using 
rhBMP-2 that are related to the profound edema 
discussed earlier. Care should be taken to manage 
the airway for mandibular reconstruction when 
utilizing rhBMP-2.

Finally, one article reported a risk but no cases 
of seroma development as a possible adverse 
event associated with localized elevated levels of 
rhBMP-2 [28]. Akeel et al. showed that 10–50 ng/

mL rhBMP-2 triggers cell cultures to elevate lev-
els of angiogenic and inflammatory factors (IL-6 
and VEGF) via a ROS-dependent mechanism [5]. 
While the article stated this mechanism might 
contribute to a risk of seroma formation, it also 
stated that triggering these angiogenic effects 
may help potentiate beneficial effects [29].

The contraindications for using INFUSE® are 
if the operation site is proximal to tumors recently 
treated and for patients that have a history of 
allergic reaction, currently pregnant, that have an 
active infection in the operating site, currently 
being treated for malignancies [31]. Despite there 
being a narrow FDA approval for surgical proce-
dures, INFUSE is successfully used in a number 
of procedures in the head and neck area for a 
variety of surgical procedures.

There have been FDA warnings that highlight 
the increased safety risks children face when they 
undergo spinal surgery with INFUSE® [30]. 
These warnings are focused on spinal surgeries 
because there is less space between the spinal 
cord and the bones surrounding. This warning 
and increased risk do not extend to its use in pedi-
atric facial surgery patients. However, due to the 
nature of pediatric surgical cases, complications 
can turn develop more rapidly compared to adults 
patients. Subsequently, the safety of BMP in this 
patient population requires further study [30–33]. 
BMP is shown to be successful in a variety of 
procedures for this age group: craniocervical 
reconstruction, tibial pseudarthrosis, tibial non-
union repair, femoral nonunion repair, and even 
talonavicular joint repair [32].

Complications for this patient age range 
resemble those seen for adult patients, primarily 
associated with profound inflammatory response 
associated to the use of BMP [32, 33]. The 
reported overall complication rate with BMP 
ranges from 20 to 39% with only 8% requiring 
intervention [32, 33]. The rare cases of interven-
tion for complications are most commonly due to 
postoperative infection, compartment syndrome, 
and hematoma with all documented patients 
recovering successfully after [32, 33]. 
Retreatment with BMP or repeated exposure is 
not currently associated with an elevated risk of 
complications in this age group and is not associ-
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ated with the development of cancer [32, 33]. 
There have been documented cases of patients 
with neurofibromatosis featuring enlargement of 
pre-existing intracranial gliomas, but no direct 
association with the use of BMP has been estab-
lished [32, 33]. While rhBMP with ACS is a safe 
alternative to autografting in pediatric patients, 
caution and the patient’s airway should be 
secured for facial surgery due to the inherent 
nature of pediatric complications turning severe 
rapidly.

Overall success and failure rates of bone graft-
ing with rhBMP-2 do not differ at a statistically 
significant rate from ICBG in the presence of 
patient risk factors (smoking, alcohol use, hypo-
thyroidism, osteoporosis, diabetes, radiation, and 
bisphosphonate therapy), but should a patient 
feature any of these risk factors, they must be 
informed of the risk of graft failure, postoperative 
infection, wound dehiscence (Fig. 4.5), delayed 
healing, and even the need for subsequent graft-
ing [1, 4, 15].

4.8	 �Conclusion

A variety of maxillofacial defects have been 
shown to be amenable to reconstruction with 
BMP-2. RhBMP-2 with allografting or xeno-
grafting material offers the benefits of having 

osseous defects successfully and safely replaced 
in the human body by the patient’s own tissues.

Even though autografting procedures are the 
current standard for maxillofacial reconstruction 
that requires bone grafting, we need to continu-
ally strive to develop new methods and techniques 
to reduce the morbidity and burden for our 
patients. Out of all the current osteogenic media-
tors being researched, rhBMP-2 with ACS fea-
tures the most promise and clinically offers 
comparable results compared to the standard 
ICBG procedures for a variety of maxillofacial 
reconstruction cases. While rhBMP-2 with ACS 
holds great promise as an alternative to ICBG, we 
need more research into the long-term viability of 
bone grafting sites accomplished with rhBMP-2 
with a variety of alloplastic materials, post-op 
complication rates, and success rates with greater 
patient pools in a greater variety of maxillofacial 
reconstruction defects. For now, rhBMP-2 appears 
to be an excellent alternative to ICBG, but with 
more research and time, we may even be able to 
replace many of the gold standard bone grafting 
treatment options for maxillofacial reconstruction 
and eliminate the need for a donor site all together.
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