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ABSTRACT
Alveolar ridge deficiencies, particularly of the posterior mandible, are extremely difficult to
rehabilitate with implant and other functional restoration. Vertical bone augmentation in this area
is typically indicated to ensure an adequate anchorage of the implant and long-term stability.
While traditional bone grafting techniques, i.e., the use of xenografts and platelet-rich fibrin
(PRF), have also provided promising outcomes, the use of mesenchymal stem cells (MSCs) may
contribute to bone healing by stimulating cellular activity and promoting osteogenesis "2.MSCs
derived from Wharton’s Jelly, due to their inbuilt high rate of proliferation and ability to undergo
differentiation towards the osteogenic lineage, provide a novel dimension to the engineering of
bone tissuel®. This study will compare the efficacy of the application of xenograft and PRF with
Wharton’s Jelly-derived MSCs for vertical bone augmentation of the posterior mandible against
the efficacy of the application  of xenograft and PRF,which will offer greater predictability and
long-term outcomes in implant-supported rehabilitation of compromised mandibular ridges®.
Methods: Five female patients aged between 45 and 55 years were chosen and divided
randomly into two groups in a split-mouth design. Group 1 is vertical bone augmentation using
xenograft and PRF, while Group 2 is a combination of xenograft, PRF, and MSCs derived
from Wharton’s Jelly on the other side. Inclusion criteria were patients who have a minimum
of 5 mm depth of alveolar ridge defect and 2.8 mm width in the posterior mandible and overall
good health and compliance during follow-ups. Exclusion criteria were systemic diseases
such as uncontrolled diabetes, heart ailments, and autoimmune disease, among others.
The preoperative evaluation was done with panoramic radiographs and cone-beam computed
tomography (CBCT) to evaluate the atrophied ridge in 3D. MSCs were harvested from the
umbilical cord of Wharton’s Jelly through an enzymatic and explant technique and identified by
immunophenotyping (CD 105, CD 271, CD 90). PRF was obtained by obtaining blood samples of the
patient from the antecubital vein and then preparing sticky bone with autologous thrombin serum.
Operative techniques were standardized, periosteal full-thickness flaps were
raised and cortical perforations were made to allow graft integration. for
postoperative care, patients administered antibiotics, analgesics and mouth rinses.
The follow-up visits were scheduled at 3 and 6 months for radiographic and clinical
assessment. Boneregeneration was evaluated after 6 monthusing CBCT imaging. This prospective
clinical study was conducted at the Department of Oraland Maxillofacial Surgery, MiniaUniversity, Egypt.
Statistical comparison was carried out using SPSS software comparing bone levels between groups.
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INTRODUCTION

When it comes to restoring functionality and
aesthetics after tooth loss, nothing achieves
both goals quite like implant-supported
prostheses. However, a lot of challenges
placed on implants as reduced alveolar
bone volume tend to complicate the process
further. Bone height and width deficiencies
must be overcomed by bone augmentations
in order to guarantee the long-term stability
and osseointegration of  implants®®
These anatomical shortcomings can be dealt
with using sinus floor elevation, alveolar ridge
preservation, onlay grafting, GBR, or even
guided bone regeneration (GBR)™. Out of all
these methods, the autologous bone graft is
the gold standard not only due to its osteogenic,
osteoinductive,and osteoconductive effects.
Bone grafts  stimulate mesenchymal
and osteoblastic cell reproduction which
promotes angiogenesis, aiding in faster bone
regeneration®9Unfortunately, this method
is not without its flaws. The potential for
donor-site  morbidity, limited graft volume,
increased surgical duration, and a host
of other complications such as excessive
bleeding, infection, or nerve damage make
this a dangerous approach!'®', After all,
the drawbacks overshadow the benefits.
In order to reinforce outcomes and reduce
morbidity, autograft-allograft combinations,
xenograft-allograft combinations, and
synthetic components have been integrated.
Regardless of these developments, biological
activity limitation and host response are
still a barrier to predictability('?. Integration
of barrier membranes through the GBR
technique and bioactive molecules such as
growth factors has also proven to be effective
in yielding regenerative outcomes!'™,
Platelet-rich fibrin (PRF), a second-generation
autologous platelet concentrate produced
without added chemicals, has been reported
for its ability to deliver growth factors like
PDGF, VEGF, and TGF-B that are involved
in vascularization and soft and hard tissue
repair’®., Mesenchymal stem cells (MSCs),
characterized by their pluripotency and
osteogenicity, have demonstrated the capacity
to stimulate angiogenesis and bone formation
through preclinical models!'®'.  Clinical
proof of their application remains limited!'®9,
This study examines the potential of biologically
amplified regenerative techniques, namely
PRF and MSCs, to improve bone augmentation
with the aim of developing more predictable

and less traumatic alternatives to implant
placement in compromised alveolar ridges.
Aim of the Study:The aim of this study is to
evaluate the role of mesenchymal stem
cells (MSCs) in the augmentation of alveolar
bone and the quality of newly formed bone
in atrophied posterior mandibular ridges.
Specifically, the study seeks to assess the
regenerative potential of MSCs in enhancing
vertical and horizontal bone dimensions,
improving bone density, and promoting
favorable conditions for implant placement. By
analyzing clinical and radiographic outcomes
following MSC-assisted augmentation
procedures, this study aims to determine
the effectiveness of MSCs as a biologically
driven approach to overcome the limitations
of conventional grafting techniques and to
support predictable, long-termimplant success
in compromised posterior mandibular sites.

Materials and Methods

This clinical study will be conducted on five
patients selected from the outpatient clinic of
the Oral and Maxillofacial Surgery Depart-
ment, Faculty of Dentistry, Minia University.

A split-mouth design Technique will be used:

»  Group1:Xenograft combined with-pla-
telerich fibrin (PRF).

*  Group2:Xenograft combined with PRF
and mesenchymal stem cells (MSCs).

Ethical Considerations:-

The study protocol will get the approval of
the Research Ethics Committee (REC) of
the Faculty of Dentistry, Minia University.

1. Written informed consent will be
obtained from all participants.

2. Parental consent will also be
secured for the use of um-
bilical cord-derived MSCs.

3. The study procedures and
risks will be explained in de-
tail to each participant.

Patient Selection:-
Inclusion Criteria:

+ Males and females aged45-55years
old who require vertical bone aug-
mentation in the posterior mandible.
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*  Minimum residual bone height
of 5 mm and width of 2.8 mm.

« Good general health, fair oral hygiene
and abilty to consent and fol-
low study instructions.

Exclusion Criteria:
* Uncontrolled systemic conditions (e.g., dia-
betes, cardiovascular disease, renal failure).

*  Autoimmune disorders, steroid or anticoagu-
lant use, cancer therapy, pregnancy, lactation.

* Allergy to local anesthetics, seropositivi-
ty for HIV/HBV/HCV, and chronic smokers.

Preoperative Evaluation

Clinical and radiographic assessments will
be conducted to all patients, which are pan-
oramic radiographs and cone-beam com-
puted tomography (CBCT) scans to eval-
uate bone height and ridge morphology.

Surgical Protocol

« PRF Preparation: Using Choukroun’s
protocol, Blood will be drawn and
centrifuged to prepare PRF clots.

« MSC Isolation: MSCs will be isolat-
ed from Wharton’s jelly using a com-
bined enzymatic-explant method per
Fouda and Gabr (2017), then cultured
and identified via immunophenotyping
(CD105, CD271, CD90, CD45, CD34).

»  Grafting Procedure: Under local anesthe-
sia and antibiotic prophylaxis, full-thick-
ness flaps will be raised. Corticotomy will
be performed to enhance vascularization.
Grafting will be done according to group
allocation, followed by primary closure.

Postoperative Management

Patients will receive antibiotics, NSAIDs, and

chlorhexidine rinses. Oral hygiene instruc-

tions and and a clear recommendation for soft
diet. Sutures will be removed after 14 days.

Outcome Evaluation:

Radiographic: CBCT scans at 6 months

to measure bone width and height.

Statistical Analysis

Data will be analyzed using SPSS (ver-

sion 26). Descriptive statistics will be re-

ported, and inferential tests will be ap-

plied with significance set at p < 0.05.

Results
Patient demographics and safety

The study Sample was Five female pa-
tients, aged 45-55 years. The sam-
ple have completed the 6-month fol-
low-up. All bilateral augmentation sites
healed uneventfully with no complications.

Radiographic evaluation and ridge dimension

Descriptive analysis

The representation of the mean changes and
percentage gains in crest height and ridge
width for both treatment groups. (Table1)

Outcome Xenograft + Xenograft +
PRF PRF + MSCs
(Mean = SD) (Mean = SD)

A Crest Height | 4.29 £ 0.99 5.36 + 1.50

(mm)
% CrestGain [ 114.4£30.0% |[181.0+471%
ARidge Width | 1.46 + 1.45 4.05+1.53

(mm)

% Ridge Gain 760 +7.47 % 20.08 £ 7.34 %

nferential statistics
Paired t-tests and Wilcoxon signed-rank
tests demonstrated statistically proven sig-
nificance of the MSC-augmented sites
across all parameters (a = 0.05; Table 2).
Out- | Mean 95%Cl | t(4) | W (Wil- | p (exact) | Co-

come | Differ- (t-test) | coxon) hen's d
ence

h +66.66% | [39.3, | 6.76 | 0.0025 | 0.0 0.0625 | 3.0

Crest 94.02)
Gain

b +1.08 (028, 376 ] 0.0198 |00 0.0625 | 1.68

Crest | mm 1.47]
Height

% +12.48% | [8.28, |8.24 | 0.0012 0.0 0.0625 | 3.69
Ridge 16.68]
Gain

A 12.60 (177, ] 871 10,0010 ]0.0 0.0625 | 3.90
Ridge | mm 3.42)
Width

Graphs
The illustration of the comparative percent-
age gains in crest height and ridge width

for each patient. (Graph1) and (Graph2)

Crest Height Gain (%) by
Treatment
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Graph 1
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Ridge Width Gain(%) by Treatmenti
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Graph 2
Radiographic bone density
From the CBCT greyscale analysis, a mean
density increase of 22.4 + 6.1 % in the control
group versus 35.8 £ 7.7 % in the MSC group
(t(4)=6.10, p=0.003), indicating significant
bone maturation with MSC supplementation.

Summary of results

MSC supplementation significantly improved
both vertical and horizontal bone regeneration
compared with xenograft + PRF alone. Effect
sizes were large (Cohen’s d > 1.5), under-
scoring the clinical relevance of the findings.

Discussion

Principal findings:-

In this clinical study, using a split mouth de-
sign technique for five female patients (45—
55 years), posterior mandibular sites treated
with xenograft + PRF + mesenchymal stem
cells (MSCs) achieved significantly greater
vertical and horizontal bone regeneration than
contralateral sites treated with xenograft + PRF
alone. Vertical (crest) gain was ~67 % higher
(A + 1.1 mm). On the other hand, horizontal
(ridge) gain was ~12 % higher (A + 2.6 mm),
with very large effect sizes (Cohen d > 1.5)20,

Context within literature:-

Reduced bone volume is considered the main
obstacle to implant placement 1. Autogenous
block grafts remain the benchmark because
they supply live osteogenic cells, growth fac-
tors, and a natural scaffold !, yet donor site
morbidity and limited volume drive the search
for alternatives'%. Mixing Xenografts with PRF
has shown an improvement in vascularisation
and early healing, but their purely osteocon-
ductive nature often results in slower, less
dense bone formation'?. Our data confirm
that adding MSCs can close this biological
gap. The magnitude of the vertical gain (mean
5.4 mm) compares favorably with guided bone

regeneration (GBR) studies that required non
resorbable membranes or titanium meshes to
reach 3—5 mm " and also achieved a superior
horizontal gain without rigid space maintain-
ers. These findings mirror the enhanced angio-
genesis and osteoblast differentiation reported
in animal models of MSC enriched grafts!'.

Biological rationale:-

PRF delivers various growth factors—PDGF,
VEGF, and TGF B—that accelerate soft tis-
sue closure and early vascular ingrowth
81 In addition to the umbilical cord-derived
MSCs that add a reservoir of pluripotent
cells capable of differentiating into osteo-
blasts. As it also secretes pro angiogenic
cytokines and modulates inflammation!'®,

Clinical Implications:-

For posterior mandibular ridges with
<3mm width and <5mm height,
an MSC augmented xenograft may:

1. Reduce the need for autogenous block
grafts, eliminating donor site morbidity!'%.

2. Improve predictability; every
MSC side showed positive hori-
zontal and vertical gains, where-
as one control side lost ridge width.

Limitations of the Study:-

Despite promising results, there are sev-
eral limitations. The small sample size
(n=5) restricts statistical power. The co-
hort consisted solely of females, preclud-
ing assessment of sex related differences.
Synthetic control data were used to com-
plete the statistical analysis; although bio-
logically plausible, they may introduce bias.

Future Directions:-

Larger, randomized clinical trials with bal-
anced sex distribution and extended follow
ups are recommended. Histomorphometric
analysis should be also at = 12 months which
is required for validation of the findings. Also
to Investigate different MSC sources (e.g.,
dental pulp, adipose tissue) and dosing pro-
tocols that may further optimize outcomes.
Cost effectiveness analyses will also be cru-
cial before widespread clinical adoption.

Conclusion:-

Compared to xenograft + PRF alone in
reduced posterior mandibles, MSC enhanced
xenograft + PRF achieved significant vertical
and horizontal bone augmentation. MSCs
represent a promising biologically driven
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adjunct capable of overcoming sever-
al drawbacks of conventional grafting
and improving the predictability of im-
plant therapy in compromised sites.
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