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ABSTRACT

Objective: To compare the radiographic outcome of alveolar cleft bone grafting with expanded mesenchymal stem cells
(MSCs) seeded into a resorbable matrix to standard iliac cancellous bone graft. Subjects and methods: Fifteen patients with uni-
lateral alveolar cleft aged 7-12 years old were randomly divided into two groups: Group I: Alveolar cleft grafting with expanded
autogenous bone marrow stem cells seeded in collagen sponge, platelet rich plasma and nanohydroxyapatite. Group II: Alveolar
cleft grafting with cancellous bone harvested from anterior iliac crest. Ideal cleft volume was calculated from cone beam CT
with computer aided engineering. Follow up evaluation with cone beam CT and Bone fill was calculated on three and six months
postoperatively. Results: The mean ideal cleft volume was 678 mm? and 726 mm? in group I and group II respectively with no
significant difference. At three months postoperatively, there was a Significantly difference in the mean volume of bone fill (BF)
between group I and group II (7% BF and 47% BF respectively). Furthermore, the difference increased significantly at six months
to become 10% BF in group I and 60% BF in group II. Conclusion: The hybridized scaffold used in the study for seeding of stem
cells that contains collagen sponge, PRP and nanohydroxyapatite still needs improvement in mechanical and biodegradation prop-
erties to support bone tissue engineering. Moreover, the radiographic volumetric analysis of cancellous bone graft which is the gold

standard revealed suboptimal results that needs further researches to improve the outcome.
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INTRODUCTION facilitate subsequent orthodontic treatment, and

) . romote tooth eruption .
The alveolar cleft is a maxillary bone defect P P

resulting from incomplete fusion of the facial
processes during embryonic development”. For
patients with cleft lip and palate, secondary alveolar
bone grafting is performed when the patient has
mixed dentition to create a bony bridge that restores
dental arch continuity, repair the oronasal fistula,
provide support to the structure of the alar base,

The ideal treatment of alveolar cleft is not yet
settled. Even good results were achieved with
cancellous bone grafting which become the gold
standard, the technique still has some concerns;
it needs another donor site with many possible
complications®. So, cleft lip and palate surgeons
are looking for smart solution and searching for
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more conservative techniques that fulfill the optimal
replacement with less complications.

In attempt to do that, many trials, materials,
techniques and different outcome measures have
been used other than cancellous bone grafting®®.
Different alloplastic biomaterials, such as hydroxy-
apatite and tricalcium phosphate either alone or in
combination with cancellous bone graft, are used to
fill in or to bridge bony defects ”.In growing indi-
viduals, these materials may affect physiologic fea-
tures such as tooth eruption and jaw development.
Non resorbable hydroxyapatite, for example, im-
pedes tooth eruption and distorts tooth development
by initiating a dense cellular fibrous network within
the dental follicle, preventing the formation of an
eruptive pathway ®.

Recently, stem cell tissue engineering is a
promising technique for replacing many defective
tissues and for alveolar cleft reconstruction 9. To
have a good conclusion of effectiveness of stem
cell tissue engineering in alveolar cleft, accurate
volumetric assessment !V was needed to compare it
with autogenous cancellous bone graft done by the
same operator and with the same technique. That
was the aim of our study.

SUBJECTS AND METHODS
Study design:

A prospective randomized controlled clinical
study was approved by the ethical committee of
faculty of dental medicine, Al-Azhar university.
Fifteen patients with unilateral alveolar cleft with
mean age of 9.93 years old (range: 7-12 years,
eight girls and seven boys) were selected from
those attending the outpatient clinic of Oral and
Macxillofacial Surgery, Faculty of Dental Medicine,
Al-Azhar University, Cairo, Egypt, according to the
following inclusion criteria: Patients with unilateral
alveolar cleft that require secondary alveolar cleft
grafting and aged from 7 to 12 years old.
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However, Patients with bilateral alveolar cleft,
Patients with previous attempt of surgical closure
of alveolar cleft, Patients with diseases affecting
bone healing i.e. patients on cortisone and diabetic
patients, Severely misaligned maxillary segment
that require successive surgical and orthodontic
correction before grafting and Syndromic patients
were excluded from the study. To be included in
the study, the parents signed a written consent form
having all details about the procedure and acceptance
to be a part of this study. All patients were randomly
divided, according to grafting technique, into two
groups:

Group I: Alveolar cleft grafting with expanded
autogenous bone marrow stem cells seeded
in collagen sponge, platelet rich plasma and
nanohydroxyapatite.

Group II: Alveolar cleft grafting with cancellous
bone harvested from anterior iliac crest.

I- Patient evaluation: patient history and Clinical
examination were recorded including soft tissue
condition, gingival health, presence of labionasal
and palatal fistulae and dental condition. Also,
pre-operative CBCT was acquired on maxilla
for assessment of bone defect and dental status.

II- Surgical procedure:
II-A. Donor site preparation:

Cell Preparation (Group I, Stem cell group): Four
weeks before grafting, under deep sedation and local
anesthesia, 20 ml bone marrow was aspirated in the
operating theatre under aseptic conditions from an-
terior iliac crest with bone marrow aspiration needle
and placed in heparinized tubes for culturing and ex-
pansion. The bone marrow aspirate was carried on
ice in sealed containers to the Molecular Biology and
Tissue Engineering Unit (MBTEU) in the Depart-
ment of Medical Biochemistry at Cairo University
where cell cultures were performed. After reaching
an average count of 5 x 10°, the cultured cells were
collected and resuspended in 1 ml phosphate buff-
ered saline and transferred to the operating room in
sterile tubes on the day of surgery!'?.
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Cancellous bone grafting (Group 1II): The
operations were performed by the same oral and
maxillofacial surgeon. Under general anesthesia,
routine draping and sterilization protocol were
applied to expose the anterior iliac crest. Incision
is made over the anterior iliac crest and deepened
to the deep fascia. The musculofascial attachment
of the abdominal wall muscles to the iliac crest is
defined and any fatty covering should be cleared off
to expose the attachment of these fascia. Incision,
elevation and reflection of the periosteum was done
to expose the superior surface of the iliac bone.
Cancellous bone was harvested and collected in a
sterile gauze. Wound was closed in layers.

II-B. Recipient site preparation (Alveolar cleft
site) in all patients:

Under general anesthesia, a labial incision
was made along the gingival border from the first
permanent molar to the contralateral central incisor
with vertical releasing incisions. Circular incision
around the edges of the cleft was performed
separating nasal and oral layers. Nasal mucosa was
reflected cephalically to reconstruct nasal floor.
Oronasal fistula was closed. Prior to graft insertion
bur holes were drilled using surgical round burs in
the bone bordering the recipient site to accelerate
healing and graft incorporation.

Graft preparation and insertion: For group I,
PRP was prepared. 12 ml blood was aspirated and
collected into citrated tubes then centrifuged at 3500
rpm for 15 min at room temperature using a multi-
speed 4000 rpm vertical rotor. Expanded stem cells
were seeded into several cones of collagen sponge
(Resorba Company). Nanohydroxyapatite (sigma
Aldrich) and PRP were added. The hybrid scaffold
was gently packed into the defect. For group II, the
cancellous bone chips were packed and condensed
into the prepared alveolar cleft site against the
reconstructed nasal floor until slight overfilling
was achieved. The gingival mucoperiosteal flaps
were sutured. The wound was checked daily for
primary wound healing. Antibiotic coverage was
administered (Augmentin 100 mg / kg/ day in two
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divided dose for five days). Ibuprofen syrup was
prescribed four times daily for three days. Alpha-
Amylase syrup 3 was taken three times daily for
three days. Also, nasal decongestant drops were
prescribed twice daily for three days in addition to
daily repeated use of warm saline mouth rinse. The
patient was discharged after 6 days.

III- Radiographic evaluation:

CBCT were acquired 1 week preoperatively,
three and six months postoperatively using Planmeca
ProMax 3D Classic machine (Planmeca, Helsinki,
Finland). A standard CBCT scanning protocol was
applied (Fig.1).

Data acquisition: The ideal alveolar cleft defect
shape and volume (DV) were determined using re-
verse-engineering software!'®. Preoperative DICOM
(Digital Imaging and Communications in Medicine)
data from the CBCT images were processed and
saved in the standard triangulated language (STL)
format by image analysis software (Mimics; Mate-
rialise, Leuven, Belgium). Maxillary bone was mir-
rored by Geomagic Wrap 2017 software. (Geomagic,
Morrisville, North California) (Fig.2). The original
and mirror-reversed 3D objects were precisely ad-
justed by automatic registration. Then, the bone de-
fect was segmented and calculated.

Newly formed bone volume measurement:
Postoperative DICOM data from the CBCT
images were processed by Mimics software and
reconstructed as 3D images and saved in the STL
format. Preoperative and postoperative STL data
were aligned (registration), superimposed by
Geomagic Wrap 2017 (Fig.3). Boolean algebra
operation was used to subtract preoperative STL
data (DV) from 3 and 6-month postoperative STL
data (DV, and DV, respectively). The bone fill
(BF%) was calculated using the following equation:

Bone fill at 3 months (BF,%) = (DV-DV,/DV) x 100%.
Bone fill at 6 months (BF,%) = (DV-DV,/DV) x 100%.

Bone fill between 3 and 6 months (BF, ;%) =
(DV,-DV/DV,) x 100%.



64 Abdullah Ahmed Ali, et al. AJ.D.S. Vol.25, No. 1

Preoperative | 3 months
] postoperative 6 months
b postoperative

3 months ‘ 6 months
postoperative postoperative

- J

- J

FIG (2) Preoperative alveolar defect volume segmentation. A- Preoperative 3D virtual head models (gray) of alveolar cleft patient.
B- The grey model represents the original preoperative model and the orange one represents the mirror image of non-cleft
side. C- Alignment and superimposition of the mirrored non cleft side on the cleft side. D- Segmentation of alveolar defect
volume (blue).



AJ.D.S. Vol.25, No. 1

RADIOGRAPHIC VOLUMETRIC ASSESSMENT OF SECONDARY 65

-

FIG (3) A) Three-dimensional virtual head models. The red represents the preoperative model and the blue represents the 3-month
postoperative one. The blue and red model represents the superimposition. B) Three-dimensional virtual head models. The
red represents the preoperative model and the yellow represents the 6-month postoperative one. The yellow and red model

represents the superimposition.

Statistical analysis

The collected data was revised, coded, tabu-
lated and introduced to a personal computer using
Statistical package for Social Science (IBM Corp.
Released 2013. IBM SPSS Statistics for Windows,
Version 22. Armonk, NY: IBM Corp). Mean, Stan-
dard deviation (SD), Minimum and maximum val-
ues (range) for numerical data and Frequency and
percentage of non-numerical data were calculated.
Paired-Samples T Test was used to assess the sta-
tistical significance of the difference among the
volumetric changes within each group. Indepen-
dent-Samples T Test was used to assess the statisti-
cal significance of the difference between group I
and group II. Chi-square test was used to assess the
suitability of both groups for comparisons regarding
the age, gender. P- Value was set (P>0.05: Non -sig-
nificant {NS}, P<0.05: Significant {S} and P<0.01:
Highly significant {HS}).

RESULTS
Pre-operatively, the mean ideal alveolar cleft

defect volume in group I was 677.9 mm3 (+92.13)
while in group II was 726.79 mm3 (+234.09) when

independent T-test was applied, there was no statis-
tical significant difference between the two groups
(P=0.128).

At three months, the mean defect volume was
629.97mm3 (= 89.51) and 361.39 mm3 (x 248.45)
in group I and II respectively. After six months, the
mean defect volume was 567.07mm3 (+ 68.7) and
229.89 mm3(+203.64) in group I and II respectively
table (1).

In group I, at 3 months there is a decrease in
defect volume significantly with p value 0.002 with
more decreasing in defect volume significantly after
6 months with p value 0.0009. As regard group
II, by comparing the cleft defect volume in group
IT preoperatively and after 3 months, we found
that there is decreasing in alveolar defect volume
significantly followed by significant reduction after
6 months with p value= 0.002.

As regard comparison of alveolar defect
reduction in the graft in group I and II, we found
significant reduction of defect volume on follow
up after 3 months (p value =0.001), after 6 months
(p value=0.0001)and from 3 to 6 months (p
value=0.0014) as shown in table (2) and figure (4).
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TABLE (1) Distribution of volumetric data of alveolar cleft defect in both groups.

Defect volume (DV) (mm3)
Groups / intervals post-operative
Min Max Mean Std. Deviation

Preoperative 5359 801.6 677.97 92.132

Group I 3 months 492.75 761.52 629.97 89.512
6 months 471.32 673.29 567.17 68.708

Preoperative 535.67 12114 726.79 234.093

Group IT 3 months 208.91 819.9 399.57 231.671
6 months 128.56 619.9 308.41 204.717

TABLE (2): Percentage of bone fill (BF) in both groups. BF1-3 %: (Preoperative -3 months). BF1-6%:

(Preoperative —6months) BF3-6 %:(3 months — 6 months)

FIG (4) Bar chart presenting comparison of bone fill of the
graft through post-operative 3 and 6 months follow up
in both groups.

BF 1-3 BF 1-6 BF 3-6
Group I Group II Group [ Group II Group I Group II

1 5% 21% 20% 26% 16% 6%

2 9% 61% 20% 76% 12% 38%

3 8% 42% 12% 69% 4% 65%

4 6% 32% 19% 49% 14% 24%

5 5% 56% 15% 65% 11% 20%

6 7% 65% 14% 69% 8% 11%

7 9% 55% 13% 68% 4% 29%

8 8% 16% 9%
Mean 7% 47% 16% 60% 10% 28%
( \ DISCUSSION
Percentage of bone fil% The alveolar cleft reconstruction is a significant
. component of the cleft lip surgical treatment
% - protocol. However, the ideal treatment of alveolar
sl a7% cleft is not yet settled. Even we achieved good
] o - results with cancellous bone grafting which become
2o 2% - the gold standard, the technique still has some
0% ] concerns; it needs another donor site with possible
Grow ! | Growpll | Group! | Groupll | Grow! | Group complications @,
Bonefillat 3monthes | Bone fillat 6 monthes | Bone fill3-6 monthes

L J Recently, stem cell tissue engineering is a

promising technique for replacing many defective
tissues and for alveolar cleft ®!?, To have a good
conclusion of effectiveness of stem cell tissue
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engineering, we need to compare it with autogenous
cancellous bone done by the same operator and with
the same technique. That what we did in our study.

In this study, the iliac crest was selected for as-
piration of bone marrow mesenchymal stem cells
(BMMSCs) according to previous positive results
(419 The technique of multiplication of stem cells
was used in many publications and considered as
a standard for cell culturing and expansion (21617,
The collagen type 1 and nano-hydroxyapatite
COLI/n-HA was used as a scaffold for seeding the
BMMSCs according to reported positive results in
enhanced bone formation by increasing the prolif-
eration and differentiation of osteoblasts in vivo and
in vitro %19 The platelet rich plasma (PRP) was
used to deliver growth factors to the graft®”. In the
present study, the hybridized scaffold was used to
promote biocompatibility and osteogenic induction
of BMMSCs.

Although different clinical methods have been
employed for the evaluation of secondary ACG
outcomes, radiographic assessment is a method as
important as, or even superior to, clinical evaluation.
Currently, 3D X-ray imaging is the standard method
used to verify treatment outcomes of alveolar bone
grafts @Y. Cone-beam CT may be offered as an
alternative to helical CT because of its advantages,
such as lower effective radiation dose, shorter
exposure times, and easy access %,

In this study, all patients were scanned by CBCT
(Promax 3D classic, Planmeca, Helsinki, Finland).
Moreover, to reduce radiation exposure, we used
small field of view (< 10 cm height x 10 cm width)
with optimization of machine setting. From the
literature, the effective dose of the same machine
for small field of view of standard exposure of
the child was 38 puSv @, Sum calculation of the
effective doses of the three CBCT scans required
for assessment along the follow up time was 114
uSv which is lower than the effective dose from a
single CT examination of the head ©?*.
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Recently, 3D volumetric analysis has been wide-
ly used to assess the outcomes of bone grafting in
patients with clefts ¥, Linderup et al ? introduced
a novel semiautomatic technique for volumetric as-
sessment of alveolar grafts using standardized im-
age acquisition including anatomical boundaries of
the alveolar bone defect. Cranio-caudal and bucco-
palatal boundaries are often difficult to discrimi-
nate; therefore, Janssen et al ®? tried to overcome
the difficulty by mirroring the contralateral unaf-
fected side over the alveolar cleft defect to delineate
the original bony boundaries of the defect.

In this study, the newly formed actual bone was
indirectly calculated by subtracting the postop-
erative defect volume from the preoperative defect
volume. The ideal defect volume was estimated by
computer aided engineering software using mirror-
reversed techniques to obtain the ideal alveolar
bone morphology. Image superimposition of the
contralateral side over the defect could also reduce
observer dependency when attempting to identify
the bucco-palatal borders 2. This greatly decreased
the chances of manual errors.

However, there were an important limitation asso-
ciated with this method that need to be resolved. After
surgery, patients with alveolar clefts still experience
skeletal growth and eruption of teeth in the maxillary
complex which might influence the results.

In the current study, defect volume assessment
reveals significant primary ossification at 3 months
post-operative in group I and group II (7% - 54%
respectively). Group II showed higher percentage of
ossification than group I. This may be due to lack
of enough strength of collagen sponge to support
the original graft volume and its partial resorption in
group I and lesser resorption rate of cancellous bone
in group II. Behnia et al ®” reported 51.3% bone for-
mation at 3 months in their clinical study. They used
PRF, PDGF and expanded MSCs on biphasic bone
substitute. However, in their earlier study @, they re-
ported bone formation less than 50% when the scaf-
fold lacks PRF as a supply of growth factors.
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After 6 months in the current study, the
ossification continued to increase to reach 16% and
72% in group I and group II respectively. Group 11
showed higher percentage of bone formation than
group I. The most resorption occurred during the
first 3 months in group II after that there was enough
stability in graft volume.

Pradel et al ® reported 40.9% bone fill and
59.1% graft volume reduction in tissue engineered
group compared to 36.6% bone fill and 63.4%
graft volume reduction in autogenous group after 6
months follow up in a case series of 8 children. They
concluded that tissue engineered bone is promising
alternative to autogenous one. However, after com-
plete re-ossification of the graft, it remained unclear
where the former bony boundaries of the cleft were
situated, since cranio-caudal and bucco-palatal
boundaries are also often difficult to discriminate.

On contrary, Hibi et al. ®® described a case of
alveoloplasty using injectable bone consisting
of a gel of platelet-rich plasma with autogenous
mesenchymal stem cells and human thrombin.
However, a titanium mesh plate had to be applied to
maintain the space, which was later removed to not
hinder tooth eruption. At 9 months postoperatively
the case showed 79.1% regenerated bone by CT.
on observation, the preserved intact palatal wall as
observed in CT served as a base over which the gel
can be poured against. A situation that could not be
present in many cases that have not only alveolar
but also palatal cleft. In addition, preservation of
primary graft volume by titanium mesh may play
a role in larger amount of bone formation in their
case. Unfortunately, exposure of hardware with
loss of the graft and need to second surgery for its
removal may hinder its use.

In a similar way, Khojasteh et al.®" use the lateral
ramus cortical bone plate (LRCP) reconstructed as a
cave with expanded stem cell from buccal pad of fat
mounted on bovine bone mineral. 75% of bone fill
in CT was regenerated after 6 months. The possible
explanation is that, the cave of cortical bone gave
a natural outline to the regenerated bone to follow,
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benefit from its rigidity and slow resorption rate,
larger volume of bone graft was preserved. But with
the need of a second surgical site with its possible
complications.

CONCLUSION

The hybridized scaffold used in the study
for seeding of stem cells that contains collagen
sponge, PRP and nanohydroxyapatite still needs
improvement in mechanical and biodegradation
properties to support bone tissue engineering.
Moreover, the radiographic volumetric analysis of
cancellous bone graft which is the gold standard
revealed suboptimal results that needs further
researches to improve the outcome.
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