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Abstract

Purpose: The purpose of this pilot study was to evaluate the effectiveness of bone marrow aspirate impregnated allogeneic 
graft as compared with autogenous bone grafting in inducing adequate bone for endosseous dental implants.
Materials and Methods: Sixteen patients with alveolar bone defects secondary to trauma, pathology or infection were 
augmented with bone marrow aspirate impregnated allogeneic bone. Bone induction was assessed by alveolar ridge height 
and width using cone beam CT obtained before and 4 months after treatment as compared to published controls using 
autogenous harvesting sites.
Results: Mean increases in alveolar ridge height at 4 months after treatment were similar to established controls using 
traditional autogenous harvesting sites: 3.9 mm and 3.8 respectively. Mean increases in alveolar ridge width (buccal to lingual) 
at the crest of the ridge were similar between both autogenous, allogeneic and bone marrow aspirate groups: 4.33, 4.56 and 
3.97 respectively. Seven of the 10 patients have received dental implants which have remained osseointegrated at least 1 year 
post-implantation. In addition, subject undergoing BMA harvest had VAS scores of one 1 week after harvest as compared to 
a VAS of 5.5 in published controls using traditional anterior iliac bone harvest. Also only 9% of subjects reported any pain 1 
week after BMA harvest versus 15% and 70% in published controls using the proximal tibia as a harvest site.
Conclusion: This study is the first pilot study using BMA impregnated allogeneic bone to augment alveolar bone defects as 
an adequate source of bone for functional loading of endosseous dental implants as compared to more traditional forms of 
grafting.
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Abbreviations: BMP’s: Bone Morphogenetic Proteins; 
BMA: Bone Marrow Aspirate; VAS: Visual Analog Scale; 
AIC: Anterior Iliac Bone; MSC: Mesenchymal Stem Cells; 
PRP: Platelet Rich Plasma; HA/TCP: Hydroxyl Apatite/Β-
Tricalcium Phosphate; PRFG: Platelet-Rich Fibrin Group.

Introduction

Alveolar bone deficiency due to tooth loss, trauma, 
or maxillofacial neoplasms can compromise the ability 

to restore form and function of the patient’s dentition. 
Historically, bone loss is primarily treated by bone grafting 
techniques. Autogenous bone has always been considered 
the “gold standard” of all bone grafting techniques, despite 
the need for a donor site with its potential complications, 
increased cost and possible hospital stay. To avoid donor 
site morbidity, other grafting materials have also been 
used such as allograft, xenograft and alloplasts, serving 
only as a scaffold requiring osteoblasts and soluble factors 
to regenerate bone. Recently, soluble factors such as bone 
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morphogenetic proteins (BMP’s) have been studied with 
success in limited conditions, but cost and some concerning 
adverse effects are the major factors in providing this option 
[1,2]. A viable alternative to these procedures is the use of 
autogenous stem cells to develop a safer, less costly system 
for bone regeneration. Bone marrow aspirate (BMA) is a rich 
source for mesenchymal stems cells that can differentiate 
into osteoblasts and produce bone.

Use of this technique has been reported in the orthopedic 
literature to treat non-union of tibia fractures, simple bone 
cysts in long bones, spinal arthrodesis and thoracolumbar 
fractures. Bone-marrow injection is as effective in 
regenerating bone as open autologous grafting with fewer 
disadvantages [3]. When BMA is added to an osteoconductive 
matrix to treat simple bone cysts, it was shown to be safe 
and effective in healing the bony defect [4,5]. There have 
also been a few case reports using BMA in continuity defects 
in mandibles. In one case, a patient originally treated with 
rhBMP-2 failed to heal and therefore opted for retreatment 
with the addition of BMA, which resulted in complete healing 
of the defect [6]. In animal studies, the use of mesenchymal 
stem cells has shown some promise. One study created 
standardized bone defects in minipigs and randomly grafted 
with autogenous mandibular bone, an alloplastic scaffold, 
platelet rich plasma (PRP) + scaffold or mesenchymal 
stem cells (MSC) + PRP + scaffold. Their results showed 
a significantly higher percentage of bony contact to graft 
particles as compared to the PRP-scaffold and scaffold alone, 
which suggest that the addition of mesenchymal stem cells 
enhance bone formation [7].

In recent dental literature, mesenchymal stem cells 
were used to augment maxillary sinus floors in patients 
with atrophic posterior maxillae [8]. One report had 6 
consecutively treated patients using cultured MSCs in 
combination with biphasic hydroxyl apatite/β-tricalcium 
phosphate (HA/TCP) to augment the sinus floor. At time of 
implant placement, histologic evaluation of core biopsies 
revealed a mean bone regeneration of 41.34% and all 
implants were considered clinically osseointegrated after 4 
months. Another study used split-mouth design augmenting 
sinus floors with BioOss and bone marrow concentrate 
and examining implant survival 3 months after placement 
and after functional loading. Their results show a 3 month 
survival rate of 91% in the treated side as compared to 100% 
in BioOss controls. Also no implants were loss after 1 year 
of functional loading. Both of these papers demonstrate 
that mesenchymal cells whether cultured or via bone 
marrow aspirate are a viable option in augmenting posterior 
maxillary atrophy [9]. In addition, the BioOss study also 
shows that BioOss alone is just as effective when used in 
the maxillary sinus augmentation. In contrast, there have 

not been any prospective studies using mesenchymal stem 
cells in any form to augment lateral alveolar defects. Our 
study is the first to examine the use of autologous BMA to 
induce adequate bone in lateral defects for the placement of 
endosseous dental implants as compared to gold standard 
autogenous bone graft.

Patients and Methods

The data for this institutional review board–approved, 
pilot were collected from patients enrolled from 2011 
through 2013 at a single academic clinical center, Harbor-
UCLA Medical Center Oral and Maxillofacial Surgery 
Division. Subjects were recruited by advertisements in the 
several county of Los Angeles outpatient dental clinics and 
informally by word of mouth. Inclusion Criteria for the pilot 
study were subjects at least 18y.o. with inadequate bone for 
implant restoration (less than 6mm bone height and width), 
if subject has more than one deficient site only one site will 
be used in the study, bone loss due to trauma, pathology or 
localized, periodontal defects (due to malposed/partially 
impacted teeth) and patients who need bone and will be 
restored with overdentures. Exclusion criteria included 
patients with continuity defect, defects requiring both 
an alveolar and sinus graft, previous failed augmentation 
procedures, current pathology in the region, significant/
untreated: periodontal disease, caries infection or chronic 
inflammation of the oral cavity within 2 adjacent tooth of 
the study treatment area, uncontrolled diabetes, pregnancy/
lactation, medications/diseases and treatments known to 
affect bone turnover and history of documented allergy 
to any of the study components. At baseline evaluation 
informed consent, medical and dental history, pregnancy 
test, dental exam, periapical and panoramic radiograph, 
dental impressions and cone-beam CT was obtained.

Surgical Technique 

Onlay Bone Graft Procedure: A Modified Lip-Switch 
technique was to place the graft. An alveolar crestal incision, 
maxillary or mandibular vestibular incision was made and 
a mucoperiosteal flap was raised. The recipient site was 
delineated and decorticated using a rotary instrument. 
The study treatment (bone marrow aspirate impregnated 
allogeneic bone) was placed onto the recipient site and 
stabilized using titanium bone screws.

Bone Marrow Aspiration Procedure: The border of the 
anterior iliac was palpated orienting the planned puncture 
site. The skin was stretched between 2 fingers over the crest 
in order to identify the thickness. The anatomy and planned 
puncture site outlined. The site was prepared and draped in a 
sterile fashion. After local anesthesia was injected under the 
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skin and periostoeum, a “J” needle (Jamshidi Bone Marrow 
Biopsy and Aspiration Tray; Cardinal Health, McGaw Park, IL) 
was inserted by hand through the skin into the anterior iliac 
crest. The needle was rotated gently into 1 cm of the marrow 
cavity. The stylet was removed from the needle and a 5-cc 
syringe attached. Bone marrow was aspirated by retraction 
of the plunger of the syringe. After 2-3 mL of marrow was 
collected, the needle may be repositioned if more marrow is 
needed. The syringe was removed from the marrow space 
with an upward twisting motion. Pressure was placed over 
the aspiration site for 5 minutes, and a bandage was placed. 
The aspirated marrow was used to “soak” or impregnate the 
allogeneic bone [10].

At 1 week post-graft patient was evaluated for any signs 
of infection and wound dehiscence of recipient site, infection, 
pain (using 10 point visual analog scale), difficulty in 
ambulation and numbness of donor site and post-operative 
panoramic radiograph. At one month post-graft subject was 
evaluated for infection and wound dehiscence of recipient site 
as well as infection and numbness of donor site. Panoramic 
radiograph was also obtained to confirm retention of the 
bone graft. At 4 months the subjects were again evaluated for 
signs of infection and wound dehiscence of recipient site and 
infection and numbness of donor site. A 4month pre-implant 
cone-beam CT was taken with surgical stent in place.

Cone-Beam CT Height and Width Measurements 

An average bone height was be measured along a 
vertical line drawn from the alveolar crest to the appropriate 
anatomic barrier (maxillary sinus floor, inferior border of the 
mandible or the inferior alveolar nerve), parallel to the plane 
of each planned endosseous dental implant site. To measure 
bone width, a horizontal line was drawn perpendicular to 
each vertical line at the presurgical height of the alveolar 
crest to the appropriate anatomic barrier along the vertical 
axis of the height measurement line [11]. 

Results

Measurement of Bone Induction

In Figure 1 shows subjects 1 show the placement of BMA 
impregnated freeze dried corticocancellous. Figure 1B and 
1C shows the use of the Modified Lip-Switch technique in 
order to obtain primary closure over the BMA impregnated 
graft. In Figure 1D is an occlusal view of deficient anterior 
alveolar ridge preop of subject 1. In Figure 1E shows 
subjects 1 the occlusal view of anterior alveolar ridge 4 
months after placement of BMA impregnated freeze dried 
corticocancellous. Figure F and G facial view of deficient 
anterior alveolar ridge preop and 4 months postop.

Figure 1: A. Placement of BMA impregnated freeze dried corticocancellous. B and C. Modified Lip-Switch technique to obtain 
primary closure over the BMA impregnated graft. D. Occlusal view of deficient anterior alveolar ridge preop. E. Occlusal view of 
anterior alveolar ridge 4 months after placement of BMA impregnated freeze dried corticocancellous. F. Facial view of deficient 
anterior alveolar ridge preop. G. Facial view of anterior alveolar ridge 4 months after placement of BMA impregnated freeze 
dried corticocancellous
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Figure 2 shows preop and postop conebeam CT 
measurements for subjects 1 and 2. The mean increase in 
alveolar ridge height of each of the subjects were measured 
at 4 months after treatment and were similar to established 
controls using traditional autogenous harvesting sites: 3.9 
mm and 3.8 respectively. The mean increase in alveolar 

ridge width of each of the subjects were measured at the 
crest of the ridge were similar between both established 
autogenous, allogeneic as compared to our bone marrow 
aspirate groups: 4.33, 4.56 and 3.97 respectively. Seven of 
the 10 patients have received dental implants which have 
remained osseointegrated at least 1-year post-implantation.

Figure 2: Cone-beam CT height and width measurements for subjects 1 and 2.

Patient Outcome

We also measured, pain using Visual Analog Scale (VAS) 
and compared with established harvesting the anterior iliac 
bone (AIC) and the Tibia. Subject undergoing BMA harvest 
had VAS scores of one 1 week after harvest as compared to a 
VAS of 5.5 in published controls using traditional AIC harvest. 
Also only 9% of subjects reported any pain 1 week after BMA 
harvest versus 15% and 70% in published controls using the 
proximal tibia as a harvest site Tables 1 & 2.

Study VAS mean @1wk
Barone, et al. 5.5
Becker, et al. 5

BMA Pilot Study 1

Table 1: Comparisons of VAS for AIC and BMA harvest sites 
for maxillofacial grafting.

Study % of Postop Pain Report
Kirmeier, et al. 15%

Mardhena, et al. 70%
BMA Pilot Study 9%

Table 2: Comparisons of patient reported pain for Tibia and 
BMA harvest sites for maxillofacial grafting.

Discussion & Conclusion

The use of BMA has been reported in the orthopedic 
literature to treat non-union of tibia fractures, simple bone 
cysts in long bones, spinal arthrodesis and thoracolumbar 
fractures. Bone-marrow injection is as effective in regenerating 
bone as open autologous grafting with fewer disadvantages 
[3]. When BMA is added to an osteoconductive matrix to 
treat simple bone cysts, it was shown to be safe and effective 
in healing the bony defect [4,5]. There have also been a few 
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case reports using BMA in continuity defects in mandibles. In 
one case, a patient originally treated with rhBMP-2 failed to 
heal and therefore opted for retreatment with the addition 
of BMA, which resulted in complete healing of the defect [6]. 
Although there have not been any prospective human studies 
examining the effectiveness BMA in maxillofacial defects, 
there has been a few animal studies that have shown some 
promise. One study created standardized bone defects in 
minipigs and randomly grafted with autogenous mandibular 
bone, an alloplastic scaffold, platelet rich plasma (PRP) + 
scaffold or mesenchymal stem cells (MSC) + PRP + scaffold. 
Their results showed a significantly higher percentage 
of bony contact to graft particles as compared to the PRP-
scaffold and scaffold alone, which suggest that the addition 
of mesenchymal stem cells enhance bone formation [7].

More recently, augmentation of other grating materials 
with BMA has been described in extraction sockets and 
maxillofacial cystic bone defects. On study evaluated the 
level of mineralized tissue and expression of RUNX-2 and 
osteocalcin from anterior extraction site of 15 patients that 
were randomized into control, platelet-rich fibrin group 
(PRFG), and BMA concentrate with PRFG (BM/PG) [12, 
13]. The histomorphometric analysis of these three groups 
showed more pronounced mineralization tissue in the PRFG 
and the BM/PG as compared to the control. Also there was 
increase of osteocalcin mainly in the BM/PG indicating 
that the addition of BMAC increased mineralization. 
Unfortunately, this technique required BM concentrate 
which requires the provider to have a centrifuge as well as 
for the PRFG. For our study, we show that the use of BMA 
as an inexpensive and effective alternative to augment even 
larger defects as compared to extraction sockets.

In a prospective randomized study of 30 patients with 
maxillofacial bone cyst of greater than 2 cm, 15 patients were 
treated with hydroxyapatite (HA) collagen scaffold as the 
control group and the other 15 received BMA and HA collagen 
scaffold. The bone defects with BMA and HA collagen scaffold 
had a statistically significant reduction of the bony defect at 3 
and 6 months, as well as less swelling and no tooth mobility 
at month 3. These results are impressive, but it still requires 
the use of alloplasts rather that allograft.

Our group believes that our results with the use of BMA 
and freeze-dried bone give the best results without the use of 
alloplasts and concentrating the bone marrow cells.
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