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Abstract

Aim The purpose of this study was to evaluate the use of
buccal fat pad-derived stem cells (BFPSCs) as a source for
full thickness bone defect repair secondary to pathology in
maxilla or mandible.

Methods Fat-derived stem cells were isolated from buccal
fat pad, differentiated into osteocytes in osteogenic med-
ium, and seeded onto human bone defects. Autologous
buccal fat pad was harvested and BFPSCs cultured within
4-6 weeks. Bone defects secondary to enucleation of
pathologic cyst or tumors were reconstructed with
osteogenically differentiated fat-derived stem cells.
Hematoxylin and eosin staining, immunohistochemical
staining for osteocalcin, alkaline phosphatase and geno-
typic and phenotypic marker analysis, and histomorpho-
metric measurements of new bone were performed.
Results Maxillofacial bone defects were successfully
reconstructed by BFPSCs, which after implantation at an
in vivo site yielded faster osseous regeneration. BFPSCs
were associated with superior bone density formation,
better blending of margins with enhanced bone trabecular
formation, well-organized and well-vascularized lamellar
bone with Haversian channels and osteocytes resulting in
superior functional and cosmetic results with better quality
of life and with significant decrease in secondary
complications.

Conclusion Buccal fat pad is an ideal tool in the hands of
an oral and maxillofacial surgeon for tissue engineering
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and clinical use requiring bone tissue growth and repair,
secondary to large osseous defects. This study demon-
strates the feasibility of reconstructing bony defects with
fat-derived stem cells.

Keywords Buccal fat pad - Buccal fat pad-derived stem
cells - Enucleation - Tissue engineering

Introduction

Regenerative medicine has the potential to revolutionize
the field of craniofacial skeletal repair through a cell-based
approach to engineer bone [1, 2]. It incorporates the use of
multi-potent building blocks combined with molecular and
environmental cues for the repair of damaged or diseased
tissue. Recent investigations have focused upon the adult
stromal (progenitor/stem) cell population that has been
demonstrated to possess the ability to differentiate into
multiple lineages in appropriate environments [3].

Bone marrow-derived mesenchymal stem cells (MSCs)
from ileum to reconstruct a critical size defect in max-
illofacial region has been initiated not only in animals but
also in humans [4-6]. Lendeckel [7] extracted adipose-
derived MSCs from gluteal region to reconstruct a calvarial
defect following head injury. However, these procedures
have their shortcomings, like harvested cells with hetero-
geneous populations [8], inadequate volume of aspirates
[9, 10], donor site morbidity, painful intervention [11, 12],
postoperative ambulatory difficulties [11].

Although these modalities are still in infancy, another
source of adult stem cells has now come into existence
wherein buccal fat pad-derived stem cells (BFPSCs) have
proven to be a valuable source of osteo-progenitor cells.
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Buccal fat pad (BFP) is an easily accessible niche
housing neural-crest-derived stem cells, and there is limited
morbidity after retrieval [13]. It is being considered an
interesting and potentially important source of autologous
stem/progenitor cells, which can readily be used for ther-
apeutic purposes, such as the repair/regeneration of cran-
iofacial bones [7].

Thus, a study was designed to repair human bone
defects in mandible and maxilla by grafting of autologous
adipose stem/progenitor cells (ASCs) in the bone defect
site secondary to enucleation of jaw pathologies.

Aims and Objectives

A pilot study on maxillofacial bone defect repair by
grafting of BFPSCs at the site of an enucleated jaw
pathology was conducted in the Department of Oral and
Maxillofacial Surgery, Government Dental College and
Hospital, Ahmedabad, in five patients with the following
aims and objectives:

1. To demonstrate that BFP can be considered a feasible
source of ASCs which can be used to repair bone
defects in the human mandible and maxilla.

2. To demonstrate that BFP-derived stem cells can
regenerate bone of optimal quality and quantity as
compared to standard techniques commonly used.
Thus, to prove that the need for various allogenic
and alloplastic materials can be avoided.

3. To demonstrate faster osseous regeneration of a defect
site with autologous BFPSCs, when compared with the
normal healing process of bone.

4. Hence, to better define and analyze the merits and
demerits of this new tissue engineering-based treat-
ment modality, thereby considering its future clinical
implications.

Materials and Methods
Sample Size of the Study

This study consisted of a sample of five patients who
reported to the Department of Oral and Maxillofacial
Surgery, Govt. Dental College and Hospital, Ahmedabad,
with a pathologic lesion in the maxilla or mandible, which
was amenable to conservative treatment and reconstruction
with autologous BFPSCs. Out of these, there were three
female and two male patients. All procedures described
here comply with the institutional ethics committee
guidelines.

Criteria for Case Selection

Patients were selected irrespective of sex, caste, creed,
religion, and socioeconomic status.

Inclusion Criteria

1. Patients presenting with benign pathology either in the
maxilla or mandible, which could be treated by con-
servative management and reconstruction with autol-
ogous BFPSCs.

2. Patients with no systemic diseases, autoimmune
diseases, familial heredity, or chromosomal
abnormalities.

3. Patients within the age group of 18-55 years.

4. Patients willing to participate for the entire duration of
the study and readily available for periodic follow-up.

5. Patients willing to provide informed and written
consent.

6. Patients with good oral hygiene.

Exclusion Criteria

1. Patients unable to undergo a minor oral surgical
procedure.

2. Patients with uncontrolled metabolic diseases, com-
promised immune system, uncompensated systemic
disease, pregnancy, and prior radiation therapy of the
surgical site.

3. Patients with history of alcoholism, drug abuse, or
excessive smoking.

4. Patients with psychotic illness or prisoner status.

5. Patients with poor oral hygiene.

Methods

1) Preoperative preparation of the patient:

Detailed history, clinical and radiographic examination,
and baseline investigations were performed. Radiological
examination was done by panoramic radiography and CT
scans. Written and informed consent for stem cell trans-
plantation and surgery was obtained from the patient.
Patients were subjected to a minor surgical procedure
under local anesthesia for obtaining BFP prior to main
surgery (enucleation) to obtain autologous ASCs from the
stromal vascular filtrate (SVF) of the same patients in the
laboratory.

2) Laboratory Procedure
i) Harvesting BFP with minimal contamination:
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After obtaining signed informed consent from the
patient, BFP was planned to be taken from any one side
under local anesthesia. The procedure was done in a
facility (fumigated operation theater) with careful attention
paid to close monitoring and absolute control of sterility. A
single stab incision in the depth of the vestibule opposite to
the upper second molar and gentle soft tissue dissection
superiorly resulted in release of the buccal fat pad.
Meticulous handling and manipulation of the fat pad was
done with a fresh set of sterile surgical instruments, and
around 5-10 ml of tissue was extricated under close aseptic
conditions. Once the tissue was excised, it was quickly
placed in a tube containing transport medium (Dulbecco’s
modified Eagle’s medium, DMEM with 1% antibiotic
solution) and swiftly transferred to the laboratory in aseptic
conditions (Figs. 1, 2). A case of keratocystic odontogenic
tumour (KCOT) in right body region of mandible of a
50-year old female treated by enucleation and reconstruc-
tion with BFPSC is presented here:

ii)  Obtaining BFPSCs:

The BFP tissue was put for sterility check for 48 h.
After confirming the sterility, the fat biopsy was then put
for digestion in collagenase for 3—4 h. Thereafter, DMEM
was again added in the tube. The tube was centrifuged at
2000 RPM for 10 min. The pellet was then resuspended in
MSC media—DMEM, 20% human serum albumin (HSA),
2% L-glutamine, 1% antibiotic solution, fibroblast growth
factor (FGF) and planted in T25 culture flask. Every
alternate day the medium was changed and fresh media
were added. The cells were differentiated in MSC media
for 3 passages and then transdifferentiated into osteoblast
lineage. The cells were then cultured in osteoblast media
(DMEM, 20% HSA, 2% 1L-glutamine, 1% antibiotic

Fig. 1 Adequate amount of fat tissue excised from right buccal fat
pad
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Fig. 2 Total removal of pathology from defect

solution, 4 mg/ml dexamethasone, 50 pg/ml ascorbic acid,
and 10 mM beta glycerophosphate) till the cells reached
the confluency stage.

After differentiating the cells into particular lineage,
gene expression study was carried out for the confirmation
of the cells. For MSC characterization, CD 29, CD 44, CD
54, CD 73, CD 90, and CD 105 markers were checked, and
for osteoblast characterization, alkaline phosphatase (ALP)
and osteocalcin marker study was performed (Fig. 5).
When the cells were confirmed for the positive markers for
osteoblast, they were lifted from the plates with the help of
trypsin activity. The cells were collected in the tube and
centrifuged to make a pellet. The pellet was then resus-
pended in minimum volume of osteoblast media and
implanted into the patient.

Cell Count

The counting of cells was done with the help of trypan blue
in the Neubar’s chamber. The dye will penetrate only the
dead cells imparting the blue color. Hence, under the
microscope the dead cells appeared blue and the live cells
appeared transparent which were counted.

Stem Cell Transplantation: The BFPSCs were gently
collected in a syringe, and this pellet of stem cells was used
drop by drop to fill the intra-osseous defect left by the
enucleation procedure in a dry surgical field under strict
aseptic condition (Fig. 3).

Results

Postsurgical Outcomes and Follow-Up

e The study was designed for intra-individual comparison
and the assessment of preoperative and postoperative

bone level and soft tissue health at various stages.
e Clinical and radiological controls were performed.
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Fig. 3 Implantation of buccal fat pad-derived stem cells at defect site

e Patient was observed on third day postoperatively to
evaluate clinical presence of pain, edema, bleeding,
mouth opening, altered sensation, and functionality.

e The next control was scheduled at day 7 after surgery,
where clinical parameters were assessed, the first
panoramic radiograph was taken, and suture removal
was performed.

e Patients were recalled thereafter, at 1, 3, 6, and
12 months postoperatively. During these recalls, clin-
ical evaluation and radiographic analysis with
orthopantomograms (OPG) was performed. Cone-beam
computed tomograms (CBCTs) were taken during
subsequent follow-ups.

e During the third month postoperatively, bone sampling
(biopsy) for histological evidence and marker flow
cytometry was performed.

e From Table 1, we can see that over a mean period of
43 days, 4.48 million ASCs (mean) were isolated from
2.88 gm of BFP.

Clinical Assessment

Postoperatively, patients were evaluated for pain, edema,
infection, altered sensation, and complications. Each
parameter was noted at the end of the 1st week, 1st, 3rd,
and 6th month. Almost all the patients presented with mild
pain, edema, and paresthesia at the end of the first week,
which gradually reduced. One patient presented with pain
at 1 month, and another patient presented with paresthesia
at 1 month, which improved steadily (Table 1).

Radiologic Assessment

All the measurements for osseous regeneration like bone
density, bone height were taken on OPGs by a single

operator. OPGs were taken preoperatively and postopera-
tively—on the 3rd day, at the end of the Ist, 3rd and
6th month for all the five patients. Additionally, to detect
bone formation, CBCTs were planned at 3, 6 months, and
1 year.

Postoperative radiological evaluation of patients was
done with respect to peripheral blending of bone margins,
presence or absence of trabecular bone, presence or
absence of dense, compact cortical bone, osseous regen-
eration of defect site, and complications. Peripheral
blending of bone margins was noted in OPGs of all the
patients from the first month follow-up. In all the patients,
coarse irregular trabecular bone was noted during the first
month and replaced by dense compact bone in the subse-
quent third and 6th month OPGs and CBCTs (Fig. 4).

Bone Density Measurement

The densitometric analysis or bone density measurement
was done for each patient on Radiant DICOM digital
radiography software, and the measurements were taken in
VOXELS from OPGs at stipulated time intervals.

Bone density in voxels was measured for each patient,
preoperatively and postoperatively at the first, third and
6 month. Gain in bone density was noted as the difference
between preoperative bone density level and postoperative
bone density level at 6 months (refer Table 2).

Thus, the densitometric analysis revealed that the mean
preoperative bone densities were 15% voxels and the mean
postoperative bone densities in % voxels at the 1st, 3rd, and
6th month are 31, 50.2, and 88.8. Also, the mean gain in
bone density at 6 months is 73.8% voxels. The Z test was
used to compare the mean bone density for the varied
periods, wherein P < 0.05. This shows that significant
difference in bone density exists at the interval of the Ist,
3rd and 6th month.

Histologic Assessment: (Fig. 5)

e The reverse transcription polymerase chain reaction
(RT-PCR) technique was employed in the laboratory
for the gene expression study to isolate and characterize
MSCs and osteoblastic differentiated cells with osteo-
calcin and alkaline phosphatase.

e Postoperative histopathologic evaluation of all the
patients was done by taking a bone biopsy from the
operative site at 3 and 6 months. At the third month
biopsy for all patients, a mixed histopathologic picture
was present consisting of either osteoid with fibrous
tissue, woven bone or dense compact bone. However,
biopsy at 6 months for all patients revealed dense
cortical compact bone. Also, no evidence of the
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Fig. 4 A Preoperative CBCT image showing a unilocular radiolucency in right body of mandible, B, C post-operative CBCT at 6 months
showing dense bone at defect site

Table 2 Mean bone density measured in voxels at the defect sites preoperatively and on postoperative 1st, 3rd, and 6th month intervals from
radiographs using DICOM software

Patients name Bone density (% voxels) Gain in bone density (%)

Preoperative ~ Postoperative 1 month ~ Postoperative 3 months ~ Postoperative 6 months
Patient A 14 22 48 88 74
Patient B 18 28 44 86 68
Patient C 12 37 49 92 80
Patient D 15 32 52 88 73
Patient E 16 36 58 90 74
Mean 15 31 50.2 88.8 73.8

The Z test was used to compare the mean bone density for the varied periods, where P < 0.05. This shows that significant difference in bone
density exists at the interval of the Ist, 3rd, and 6th month

primary pathologic lesion was noted in any of the e

biopsies (refer Fig. 5).

In addition to the above, cell surface marker expression
study was performed by flow cytometry twice for all
the patients. The first cell marker study was done on
freshly cultured ASCs in the laboratory, while the
second cell marker study was done in the third
postoperative month on the tissue obtained from the
bone biopsy of the surgical site.

@ Springer

As seen from Table 3, ASCs express human leukocyte
antigen (HLA)-ABC, CD29, CD49¢, CD51, and CD90
and show a variable expression of CD49d, CD9, CD34,
CD105, and CD166. ASCs are negative to immuno-
logically relevant surface antigens such as major
histocompatibility complexes (MHC-II) (HLA-DR),
CD40, CD40L, CD80, and CD86 and inhibit lympho-
cyte proliferation induced by allogenic cells. ASCs
remain negative to these markers after osteogenic and
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Osteocalcin ALPIL

CD29 CD44 CDS54

Fig. 5 Histologic assessment: A mononuclear cells, initial cells
retrieved from the buccal fat pad; B initial mesenchymal cell
differentiation; C initial osteoblastic cell differentiation; D osteoblasts
reached confluency; E isolation and characterization for osteoblastic
cells with osteocalcin and alkaline phosphatase (ALPL) with RT-PCR

chondrogenic differentiation. ASCs exclusively express
CD54, CD 49d, and CD34 which are characteristic of
their isolation.

Discussion

This study was designed with the aim of utilizing BFPSCs
by harnessing the excellent versatility of BFP, which is as
such an almost vestigial entity [14]. A prospective study
design was chosen for this study as it has fewer potential
sources of bias.

It was found that the total number of cells in the oldest
patient of the group aged 55 years was least, 3.5 million/
ml, and also it took maximum time for culture, when
compared to samples from younger patients. This suggests

CD73 CD90 CDI105§

5

@

for gene expression study; F isolation and characterization of
mesenchymal stem cells from RT-PCR; G postoperative 3rd month
biopsy from defect site indicating well-vascularized woven bone with
cancellous structure; H postoperative 6th month biopsy indicating
dense compact bone

that with an increase in age the proliferative capacity of
stem cells deteriorates [15].

Adipose tissue can be split into two different fractions,
i.e., one fraction containing mature adipocytes and another
fraction, SVF, containing a heterogeneous cell population.
To determine the percentage of ASC present in the BFP,
we characterized the SVF from 5 patients. The co-ex-
pression of different markers was determined by flow
cytometry to quantify the cell population representing fresh
ASC (Table 1). SVF from BFP contained a mixture of
cells, as shown by percentages of marker co-expression
[16].

The characterization data of the autogenous BFPSCs
comply with previous results for ASCs [17], with a positive
expression for markers substantiating the mesenchymal
origin of cells and a negative expression of markers
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Table 3 Results of cell surface marker expression study of implanted buccal fat pad-derived stem cells and cells harvested from bone biopsies at

3 months by the technique of flow cytometry

Marker Protein Patient A Patient B Patient C Patient D Patient E
IBSC RB IBSC RB IBSC RB IBSC RB IBSC RB
CD 9 Tetraspanin 29 NA 99 NA 99 NA 100 NA - NA 98
CD 10 Common acute NA 96 NA 100 NA 99 NA 99 NA 100
lymphocytic
leukemia antigen
CD 13 Aminopeptidase N NA 100 NA 99 NA 98 NA 100 NA 100
CD 14 16 NA 14 NA 16 NA 15 NA 22 NA
CD 19 Integrin-B1 14 NA 14 NA 16 NA - NA - NA
CD 29 18 23 16 20 18 18 16 18 14 18
CD 34 Sialomucin-like adhesion molecule 13 1 12 2 15 - 13 1 12
CD 45 Leukocyte common antigen 2 15 2 13 2 14 1 10 1 11
CD 49d Integrin-o2, VLA-4 98 100 99 99 98 98 99 100 97 99
CD 73 Ecto-5'-nucleotidase 100 NA 99 NA 98 NA 102 NA - -
CD 90 Thymidylate synthase complementing protein 96 100 98 99 95 100 96 99 98 100
CD 105 SH-2, endoglin 100 100 99 100 98 100 98 100 99 99
CD 106 Vascular cell 32 90 35 78 31 85 36 84 33 99
Adhesion molecule-1
CD 146 Melanoma cell NA 99 NA 90 NA 100 NA 95 NA 98
Adhesion molecule
HLA-ABC  Major 91 98 92 100 91 100 90 99 93 100
Histocompatibility
Class I antigens
HLA-DR Major 6 NA 5 NA 8 NA 6 NA 8 NA
Histocompatibility
Class II antigens
ALP NA + NA + NA + NA + NA +
OCN Osteocalcin NA + NA + NA + NA + NA +

ASCs adipose stem cells; NA not applicable; + present; — absent; VLA very late antigen; SH-2 SRC homology 2; SRC sarcoma; ALP alkaline

phosphatase; /BSC implanted BFPSCs; RB cells from regenerated bone

suggesting the hematopoietic and angiogenic origins of
cells [17, 18].

The data from the flow cytometry in our study show that
the BFPSCs expressed adhesion molecules CD9, CD29,
CD49d, CD105, CD106, and CD166; receptor molecule
CD44; surface enzymes CD10 and CD13; and extracellular
matrix protein CD90. The cell source lacked the expression
of CD31, CD34, CD45, and CD106, suggesting a lack of
cells of hematopoietic and angiogenic lineages. However,
the cells from the bone samples expressed markers CD9,
CD10, CD13, CD34, CD49d, CD90, CD105, CD106,
HLA-ABC, CD146, FGFR2, and FGFR3, confirming the
osteogenic origin of the cells. All bone samples tested
positive for cell-induced ALP and osteocalcin further
confirming osteogenic characterization of the highly dif-
ferentiated osteoblasts from BFPSCs [16].

@ Springer

ASC are negative to immunologically relevant surface
antigens such as major histocompatibility complexes
(MHC)-1I (HLA-DR), CD40, CD40L, CD80, and CD86
and inhibit lymphocyte proliferation induced by allogenic
cells. ASCs remain negative to these markers after osteo-
genic and chondrogenic differentiation. These immuno-
privileged characteristics make these cells available for cell
replacement therapies in HLA incompatible hosts. Besides
this, their immunomodulatory effect could make them a
suitable alternative to immunosuppressants, to prevent
organ rejection after liver transplantation, avoiding the
toxic side effects of these drugs [19].

In association with the characterization data, the in vitro
functionality analyses proved that BFPSCs have osteogenic
differentiation potential; moreover, the biomaterial (BFP)
and medium used enhanced the osteogenic differentiation
of the cells [20].
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BFPSCs have an extraordinary innate capability of sur-
vival in low-oxygen environments, making them good
candidates for cell-based therapies in which the oxygen
supply may be limited, especially during the postimplanta-
tion period of the stem cells at the defect site when the blood
supply is lacking, as also proven by Follmar et al. [21].

The ASCs secrete angiogenic cytokines such as vascular
endothelial growth factor and hepatocyte growth factor,
and these are considered to contribute to the angiogenic
properties of ASCs [22, 23]. It has been suggested that the
implanted cells enhance the development of vascular
structures within the construct and increase the vitality and
oxygen supply of the surgical defect site [24]. The presence
of ASCs thus enhances the osteogenic and angiogenic
conditions of the construct in vivo [25, 26].

The transplanted ASCs produce cytokines and
chemokines that act as homing signals for endogenous
stem cells and progenitor cells to the site of injury [27].

In contrast to the favorable aspects of autologous bone,
the search for alternatives has been motivated by the
drawbacks of the harvesting procedure [28]. Several
investigators have reported that mesenchymal stem cells,
when cultured under appropriate conditions, can maintain
their viability and are able to differentiate into osteogenic
cells [28, 29].

No control group was set for this study since to find
lesions of similar size, age, gender, histopathology, etc.,
was a very difficult proposition. Therefore, the rate of bone
formation in the study was compared with that established
in the literature.

With regard to bone regeneration after cystectomy
extensive ossification of defects up to 3 x 4 cm in diam-
eter can be expected after 12 months, as proven by Ihan
Hren and Miljavec [30]. They evaluated spontaneous bone
healing of large mandible bone defects in 33 patients by
computer-analyzed radiographs. Analysis revealed a mean
gain of bone density of 7%, 27%, and 46% after 2, 6, and
12 months, respectively. In smaller defects measuring
2 x 3 cm in diameter a final bone density of 97% in
relation to normal surrounding bone was observed after
12 months. In mandibular defects exceeding 3 cm in size
they found a bone density of 84% of normal surrounding
bone after 12 months.

Similar results were reported by Yim and Lee [31] on 74
patients after enucleation of jaw cysts. In this study
panoramic radiograph analysis showed a recovery of
radiopacity of more than 97% in defects smaller than
3 X 4 cm after 12 months. In another study by Chiapasco
et al. [32] evaluating spontaneous bone regeneration after
enucleation of 27 cysts larger than 4 cm, computed anal-
ysis of panoramic radiographs demonstrated almost com-
plete bone healing of defects exceeding 4 cm in diameter
after 24 months.

In sharp contrast to the above studies, we in our study
have found that for lesions averaging 2 x 4 cm the mean
bone density of 15%, 31%, 50.2%, and 88.8% has been
recorded at preoperative stage and at 1, 3, and 6 months
postoperative stages, respectively. Moreover, the mean
gain in bone density is 73.8% at 6 months postoperative
follow-up, which implies the rapid regeneration of bone at
the defect site due to ASC implantation and highlights the
efficiency and heightened tissue healing process of stem
cells.

To recapitulate, the above-mentioned studies have
scored that defects measuring 2 x 3 cm in diameter
achieved a final bone density of 97% by spontaneous
regeneration after 12 months [30, 31]. In mandibular
defects exceeding 3 cm in size Than Hren and Miljavec
[30] found a bone density of 84% of normal surrounding
bone after 12 months and complete bone healing of defects
exceeding 4 cm in diameter after 24 months [32]. How-
ever, we in our study obtained a final mean bone density of
88.8% of normal surrounding bone at 6 months post-ASC
grafting for defects measuring mean 2 x 4 cm. This vali-
dates the clinical use of BFPSCs for faster osseous
regeneration of maxillofacial bone defects owing to their
excellent inherent properties.

The bone sampling done for histological evidence
showed that a mature dense compact bone was formed at the
defect site that was made up of well-organized and well-
vascularized bone with a lamellar architecture surrounding
the Haversian channels with osteocytes (Fig. 5). Laino et al.
[33] proved that progenitor/stem cells in vitro produced
compact lamellar osteoid bone (LAB), which is a fibrous
bone tissue resembling adult bone during mineralization,
with an external layer formed by osteoblasts markedly
positive for osteocalcin. This newly formed tissue consti-
tutes an ideal source of osteoblasts and mineralized tissue
for bone regeneration. In fact, after in vivo transplantation,
LAB formed lamellar bone containing osteocytes.

Over and above there was an added advantage of
avoiding the use of a biomaterial scaffold in this study.
Yang et al. [34] led a whole new dimension, where they
avoided the use of any additional materials such as carrier
substrates for stem cells or scaffolds and therefore the
complications associated with traditional tissue engineer-
ing approaches such as host inflammatory responses to
implanted polymer materials, were avoided. We too headed
for a study where the cells were transplanted without the
biodegradable scaffolds.

Limitations of this study include the short duration of
follow-up, small sample size, and the high cost of BFPSC
cultivation. The lesions treated within the study, although
benign, were those with a high potential for recurrence.
Whether the use of stem cells can increase the rate of
recurrence has not been mentioned anywhere in the
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literature thus far. The literature although does mention the
very favorable use of ASCs in bone regeneration
[7, 14, 16, 20, 25], wherein complete bony continuity was
seen in our study too on CT scans 3 months after the
reconstruction.

Considering the nascent nature of the study, it is advised
that the patients be thoroughly educated and motivated for
long-term recalls involving multidisciplinary follow-up
care with well-documented clinical, radiographic, and
histopathologic reports to facilitate better long-term out-
comes and aid in prompt and early management of any
unforeseen complications.

Conclusion

All patients included in the study regularly presented for
follow-up and appreciated early recovery of normal func-
tion, uneventful healing of wound and good quality of bone
formation at the defect site without any complications.
Thus, the study validates BFP to be a remarkably rich
source of stem cells, irrespective of age, sex, etc. Also,
adjacent tissue traumatization is minimal when collecting
BFP, hence low morbidity of the procedure. The cultured
BFPSCs when transplanted led to the formation of vascu-
larized bone of better quality as well as quantity. Faster
osseous regeneration and repair of bony defects due to
BFPSCs as compared to normal bone healing present a
definite boon to patient’s overall health and validate the
clinical translational application of tissue engineering.
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