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INTRODUCTION
Alveolar clefts in patients with cleft lip and/or cleft 

palate (CLCP) must be repaired to allow safe eruption 
of permanent dentition and closure of the associated 
fistula.1 The standard procedure includes autogenous 
bone graft, most often taken from the iliac crest or 
the cranial vault.2,3 Unfortunately, this procedure has 
been associated with considerable donor site morbid-
ity, with significant pain and problems with ambulation 
if iliac crest is used, which can prolong length of stay.4 
Additionally, the failure rate of alveolar cleft bone graft-
ing approaches 20%.1

Given the potential for failure and donor site mor-
bidity, alternatives have been sought. Various centers 
have utilized bone morphogenetic protein (BMP)-2 on a 
collagen carrier5 or in combination with demineralized 
bone matrix (DBM) for reconstruction.1,6 At high con-
centrations, BMPs stimulate de novo bone formation.1 
In comparison with bone grafting, BMP-2 has exhibited 
promise as an equivalent alternative with regard to bone 
healing and presents no donor site morbidity.1,5,6 While 
some advocate using BMP-2 in all repairs, this remains 
an off-label use. Therefore, we prefer to use BMP-2 in 
situations wherein the soft tissue is tenuous with an 
increased risk of bone graft exposure, graft loss, and 
reoperation.

PATIENTS AND METHODS
With approval from the institutional review board, 

we reviewed three patients with tenuous soft tissue sur-
rounding their alveolar clefts who underwent recon-
struction with Infuse BMP-2 and Grafton DBM. One 
patient had a “locked out” premaxilla with failed 
attempts at orthodontic expansion anteriorly. Another 
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Summary: Reconstruction of alveolar clefts includes fistula repair and bone graft-
ing. However, bone is often harvested from the iliac crest or the skull, which can 
be associated with considerable donor site morbidity, and the failure rate may be as 
high as 20%. As such, some centers utilize bone morphogenetic protein (BMP)-2 
to reconstruct the bony cleft. However, this remains an off-label use, and there-
fore we propose using BMP-2 only in patients with tenuous soft tissues, when the 
likelihood of graft failure is high. In four patients, we used BMP-2 with demineral-
ized bone matrix (DBM) to reconstruct defects related to clefts—three patients 
had alveolar clefts, and the fourth patient was referred to us, with resorption of a 
necrotic premaxilla after premaxillary setback. In all cases, the decision was made 
to forego bone grafting intraoperatively given the poor quality of soft tissue and 
the increased risk of bone graft exposure. BMP-2 was infused onto a carrier and 
placed in the fistula, and Grafton DBM was then packed into the defect. In three 
cases, small amounts of bone from the piriform aperture were mixed with the 
BMP-2/DBM. After 3–7 months, all patients had generated bone in the clefts and 
did not require bone grafting. While we continue to prefer a “like with like” recon-
struction, bone grafting has a high likelihood of failure in patients with subopti-
mal soft tissues or tight closures. We suggest that combining BMP-2 and DBM in 
higher risk patients is an excellent option to avoid bone graft loss and reoperation. 
(Plast Reconstr Surg Glob Open 2021;9:e3611; doi: 10.1097/GOX.0000000000003611; 
Published online 22 June 2021.)
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patient presented with a residual left alveolar cleft 
despite having undergone bone grafting at an outside 
institution. The third patient presented with bilateral 
alveolar clefts. In all three patients, the alveolar clefts 
extended so far posteriorly that a revision palatoplasty 
was also required. A fourth patient whose premaxilla 
necrosed and resorbed after premaxillary setback at an 
outside institution also underwent reconstruction of 
the premaxilla with BMP-2 and Grafton DBM (Fig.  1) 
(Medtronic, Minneapolis, Minn.).

Surgical Technique
During repair of the alveolus, repeated assessments of 

the soft tissue are made. If the closure is difficult or the soft 
tissue appears tenuous with increased risk for graft expo-
sure, the decision is made intraoperatively to use BMP-2 
with Grafton DBM. BMP-2 is infused onto a gel foam car-
rier and placed within the repaired fistula gap. Grafton 
DBM is then added for volume. In three cases, a small 
amount of bone from the piriform aperture was mixed 
with the BMP/DBM. Autologous bone was harvested from 
the nearby piriform. This bone was sometimes available 
due to an underlying anatomic abnormality. It was also 

occasionally harvested from the maxillary crest. This was 
in no way sufficient for an autologous reconstruction, but 
was rather used (if available) instead of additional demin-
eralized bone matrix. The gingivoperiosteal flaps are then 
advanced over this area and closed.

In the patient who lost his premaxilla, the fistulas were 
closed in the usual fashion. Next, the BMP soaked car-
rier and DBM were packed into the large central defect. 
Gingival flaps were then advanced mesially and closed in 
a straight line.

Fig. 1. Preoperative photograph of the fourth patient with necrosed 
premaxilla.

Fig. 2. Panorex film 4 years after bilateral alveolar cleft repairs using BMP-2 and dBM.

Fig. 3. Periapical film demonstrating bone generation in both clefts 
4 years after repair.
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RESULTS
The first patient with a locked out premaxilla exhib-

ited complete bony healing on panorex imaging 3 
months after surgery with no residual fistula on exami-
nation. He was able to resume orthodontic treatment, 
and follow-up panorex and occlusal films 4 years later 
(Figs. 2, 3) confirmed bone in the clefts. A panorex film 
obtained 5 months later on the second patient with a uni-
lateral cleft demonstrated bone within the previous cleft 
(Fig.  4). In the third patient, clinical documentation 
noted that postoperative imaging demonstrated bony 
healing in bilateral clefts 7 months later. In the patient 
with the necrosed premaxilla, clinical documentation 
also noted that postoperative imaging revealed bone in 
the premaxilla area with descending permanent teeth 
after 4 months. None of these patients required addi-
tional bone grafting, and all were able to resume orth-
odontic treatment with successful movement of teeth 
into the area.

DISCUSSION
Reconstruction of cleft-related bony defects remains 

challenging in some patients, especially when the sur-
rounding soft tissue is suboptimal. The gold standard 
has largely consisted of replacing “like with like” by utiliz-
ing bone graft, either from the iliac crest or the skull.3,6,7 
However, donor site morbidity can be considerable, 
often causing pain that can merit a longer hospital stay.5 
Additionally, bone graft can resorb as a result of exposure 
in patients with tenuous soft tissue closures, resulting in 
donor site morbidity and the need for reoperation.1 Some 
advocate for a two-staged approach in difficult clefts, 
wherein the fistula is closed and bone grafting is per-
formed a few months later.8 This approach has merit but 
mandates two operations with their attendant risks. The 
strategy of using BMP-2/DBM carries the significant ben-
efit of avoiding a second operation as well as precluding 
any associated donor site morbidity.

In patients with robust soft tissue, we prefer a 
“like with like” approach and harvest bone graft for 

reconstruction. The use of BMP-2 and DBM for this 
indication is off-label, and thus the complete risk pro-
file remains unknown, which must be explained to par-
ents. Prior work in orthopedic surgery demonstrated 
increased complications, including ectopic bone for-
mation, with the use of BMP-2.9 Additionally, there is 
concern that BMP-2 may have tumorigenic properties, 
although the evidence for this is highly inconsistent.10 
Thus, our follow up protocol consists of only annual 
cleft team appointments. It is also widely known that 
BMP-2 is correlated with increased swelling postopera-
tively, although this has had no impact on the quantity 
of graft we use intraoperatively or the incidence of dehis-
cence postoperatively.6,11 Therefore, when the chance of 
failure seems high intraoperatively, we maintain a low 
threshold for considering BMP-2 and DBM. Our experi-
ence indicates that this is a reasonable and often suc-
cessful approach, without the need for bone grafting in 
the future. The “sine qua non” of successful repair is the 
ability to move teeth into the bone, which occurred in 
all four patients. Even if this approach is unsuccessful, 
it still allows for fistula repair and obviates the waste of 
graft, which could be performed later.

Despite the cost of these materials, the absence of 
donor site pain shortens hospital stay, which rendered 
BMP-2 more economical than bone grafting in one cen-
ter.5 It also potentially obviates a second operation in a 
patient whose bone graft may fail, thus further reducing 
cost in high-risk situations. Therefore, in certain patients, 
reconstruction with BMP-2 and DBM may decrease waste 
of healthcare resources.

In conclusion, using BMP-2 and DBM for the repair 
of difficult alveolar clefts, or even reconstruction of an 
entire premaxilla, may be a reasonable and often success-
ful option when soft tissue closure puts classic bone graft-
ing at high risk for failure.
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Fig. 4. Panorex film 5 months after left-sided alveolar cleft repair with BMP-2 and dBM.
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