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ABSTRACT

Aim: The purpose of the current study was to radiographically evaluate the effect of platelet
rich fibrin (a source of growth factors) versus collagen on the osteogenic potential of bone marrow

aspirate concentrate loaded on bovine graft in sinus floor augmentation.

Patients & methods: Lateral sinus floor augmentation was performed for twelve eligible
patients utilizing bovine bone graft loaded with bone marrow aspirate concentrate. The lateral
osteotomy window was covered with platelet rich fibrin membrane in the study group (6 sinuses) in
comparison to collagen membrane for the control group (6 sinuses). The newly formed bone height
and density were measured immediate (one week) and at four months follow up period on CBCT.

Results: The mean age of the patients in the study group was (46.83+£5.64) years and in the
control group it was (44.03+7.60) years. The control group had significantly higher density than
the study group (p<0.05). However, there was no significant difference between the tested groups
regarding bone height (p=0.205).

Conclusions: Collagen membrane utilization has yielded higher bone density compared to the
PRF membrane in sinus floor augmentation. No significant difference among the studied groups

was observed in the bone height.
Trial registration: ClinicalTrials.gov Identifier: NCT05985317.
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INTRODUCTION

Maxillary sinus augmentation surgery is consid-
ered a common pre- prosthetic surgery for rehabili-
tation of the posterior maxilla which has got atro-
phied from loss of alveolar bone height and sinus
pneumatization !,

Autologous bone graft is the gold standard mate-
rial for grafting since it has osteogenic, osteocon-
ductive and osteo-inductive properties. However, it
has the disadvantages of limitation of the amount of
bone, need for another surgery, complications of the
donor site and more surgical time /.

To overcome these drawbacks, alternative
bone substitutes have been utilized for sinus floor
augmentation. The most widely used bone substitute
is the xenograft material with a reported long term

success rate through literature ¢

However, xenograft provides only the osteo-
conductive property. Therefore, many authors have
investigated the effect of addition of several bioma-
terials such as bone marrow aspirate concentrate
(BMAC), leucocyte and platelet-rich fibrin (PRF),
bone morphogenetic protein-2, or enamel matrix for
graft enhancement on the improvement of the per-
centage of the newly-formed bone. 571,

BMAC is one of the sources of mesenchymal
stem cells (MSCS). The latter has the potential to
differentiate into different tissues lineages, including
bone tissue ¥,

BMAC has been utilized in combination with
xenograft to add to the graft’ osteoconductive
property, osteo-inductive and osteogenic potentials
for enhancement of new bone formation in maxillary
sinus augmentation "1,

PRF is a fibrin matrix that comprises platelets
and leukocytes which act as a reservoir with
sustained release of different growth factors and
cytokines including transforming growth factor-
betal (TGF-B1), platelet-derived growth factor
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(PDGF), vascular endothelial growth factor (VEGF)
and interleukins (IL-1f, IL-4 & IL-6) "2,

Studies show that PRF has the ability to stimulate
the osteogenic differentiation of the undifferentiated
MSCs isolated from different tissue sources >4,
PRF has the ability to stimulate cell proliferation,
migration and osteogenic differentiation of MSCs
isolated from Schneiderian membrane of the rabbit’s
maxillary sinus ", Moreover, PRF has shown to
improve the mineralization when combined with
BMA. @,

Collagen membrane is an absorbable natural
polymeric membrane that has been used extensively
during the procedure of sinus augmentation due to
its bioactivity and biocompatibility 9!, It has the ad-
vantage of lower exposure rate than non-absorbable
membranes, Hence, the aim of the current study
was to compare the effect of PRF membrane as a
growth factor reservoir versus collagen membrane
on the osteogenic potential of BMAC that’s loaded
on xenograft, in terms of changes of bone density
and height on cone beam CT (CBCT).

PATIENTS AND METHODS

The current randomized parallel controlled
trial was approved by the ethical committee of the
faculty of dentistry, Cairo University that follows
the declarations of Helsinki regulations. Highly
motivated patients with residual alveolar bone height
ranging from 4 to 6 mm of posterior maxilla were
included to the current study. Patients were excluded
if: 1. They suffer from any systemic disease or under
any medication that may interfere with normal bone
healing, 2. They have any sinus pathosis, 3. They
have conditions that could potentially compromise
BM quality,
malignancy, current chemotherapy, BM suppressive

including history of hematologic

or anti-platelet medications, previous BMA oracute
illness. 4. They’re Heavy smoker (> 20 cigarettes
daily). Eligible patients were selected from the
outpatient clinic of the oral and maxillofacial surgery
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department, faculty of dentistry, Cairo university,
Egypt and asked to sign informed consent after
explaining the surgical procedure to them.

Patient allocation

The sample size was calculated according to the
answer of the following research question, would
utilization of PRF with BMAC /bovine graft provide
greater bone height and density compared to the
collagen with BMAC/bovine graft, that would be
interpreted in a clinical success of future implant
placement. There was no precise answer regarding
exact methodology in the literature on this topic;
however, it is believed that an increased amount of
new bone formation is crucial for implant success.

Twelve eligible patients were enrolled to the
current study with 1:1 allocation ratio. Sinus
membrane elevation (SME) and augmentation
with BMAC loaded on bovine graft was performed
and the osteotomy window was covered with
PRF membrane for the study group and collagen
membrane for the control group.

Preoperative panoramic radiograph was ordered
for all patients for initial screening and to exclude
the presence of any local pathosis. CBCT was later
requested to assess the preoperative remaining
alveolar bone height. Preoperative laboratory
investigations (complete blood count, coagulation
profile) were requested also to exclude any bone
marrow disorder.

Bone Marrow Aspirate Harvesting technique

For all patients, BM was aspirated under local
anesthesia while the patient was sitting in the supine
position to gain access to the anterior superior iliac
spine. Scrubbing and draping of the BM aspiration site
was carried out under the standard sterile conditions.
Following attaining the proper angulation, the
aspiration needle was advanced to the periosteum. A
clockwise-counterclockwise back and forth turning
motion was performed while maintaining a gentle
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forward pressure through the bone trabeculae till
reaching the bone marrow cavity. The stylet was
then removed and a 20 cm pre-heparinized syringe
was attached to the aspiration needle. An average of
20 ml BMA was concentrated through centrifugation
and then loaded on bovine graft Tutobone (Tutogen
Medical GmbH, Neunkirchen a. Brand, Germany)
to be ready for sinus floor augmentation (SFA).

PRF membrane preparation

A blood sample (10cc) was obtained from
the patients of the study group. The sample was
then centrifuged at 3000 rpm for 15 minutes. The
middle of the three resultant layers (PRF) was then
compressed to form membrane.

Sinus floor augmentation

A prophylactic antibiotic (Clindamycin 300 mg)
and analgesic (Ibuprofen 400 mg) capsule were pre-
scribed on the preoperative day and one hour Preop-
eratively. Under local anesthesia (Articaine 4% with
epinephrine 1:100,000), a mid-crestal incision with
mesial vertical releasing incision was performed.
A full thickness mucoperiosteal flap was elevated
to access the lateral wall of the maxillary sinus. A
round diamond bur was used to delinate the lateral
Macxillary wall under copious saline irrigation. The
lateral wall and sinus membrane was then elevated.
BMAC loaded on deproteinized bone graft mate-
rial was used for sinus augmentation (Fig 1) and the
graft was then covered with: PRF membrane for the
study group and collagen membrane for the control
group. (Fig 2) The flap was then repositioned over
the membrane and sutured.

Patients were encouraged to follow strict oral
hygiene measures and continue the preoperative
antibiotics and analgesics every eight hours per
day for 5 days. Nasal decongestant oxymetazoline
hydrochloride 50% (Afrin, MUP, city, Egypt) nasal
drops were prescribed also. An antibiotic ointment
was prescribed for the BMA site.
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Fig. (1) Clinical intraoperative photograph showing: a) Bone
marrow aspiration from the anterior iliac crest, b) The
BMA following centrifugation, ¢) PRF membrane, d)
Lateral antrostomy window before grafting & e) SFA
using xenograft mixed with BMAC.
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Data analysis & Randomization

A computer software was utilized to generate
random numbers. The numbers were encased in
sealed envelopes. Simple randomization was then
performed to enroll the patients to the assigned
group viaenvelope selection. Radiographic outcome
assessor was blinded regarding the assigned group.

Radiographic assessment

A postoperative CBCT scan (90 KV, 6.3 mA,
exposure period of 12 s, voxel size 0.2mm) of max-
illa was ordered for each patient immediate and 4
months postoperative. The dicom files were then
imported in mimics software (version 21, Material-
ize, Leuven, Belgium) for image reconstruction.

Fig. (2) Clinical intraoperative photograph showing the lateral antrostomy window which is covered with: a) The collagen

membrane in the control group (arrow), b) PRF membrane in the study group (arrow).

Study variables (Measurement of bone height &
density)

Patients were recalled immediate (one week)
postoperatively, weekly for the first month then
monthly for additional 3 months. Assessment
included bone density and height at the grafted
sinus for both groups immediate and 4 months
postoperative. For density measurements, on the
Coronal cuts, graft density was measured randomly
at three different sites and the average of all readings
was included in the statistical analysis. (Fig 3)

Regarding the graft height, it was measured on the
coronal cuts from the alveolar bone to the sinus
floor at different sites and the average of all readings
was included in the statistical analysis (Fig 4). All
measurements were assessed by the same examiner
(W.A) at two different times to remove the inter-
observer error.

Statistical analysis

Categorical data were presented as frequency
and percentage values and were analyzed using
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Fig. (3) Coronal cut of CBCT showing the density measure-
ments at the grafted maxillary sinus floor immediate
postoperative

chi-square test. Numerical data were presented as
mean and standard deviation values. They were
analyzed for normality using Shapiro-Wilk’s test.
Parametric data were analyzed using independent
t-test for intergroup comparisons and paired t-test
for intragroup comparisons. Non-parametric data
were analyzed using Mann-Whitney U test for
intergroup comparisons and signed rank test for
intragroup comparisons. The significance level was
set at p<0.05 within all tests. Statistical analysis
was performed with R statistical analysis software
version 4.3.1 for Windows.

RESULTS

The study was conducted on 12 patients that
were randomly and equally allocated to each of the
studied groups (i.e., 6 patients each). There were

Fig. (4) Coronal cut of CBCT showing residual ridge hight as-
sessment: a) Preoperative, b) Postoperative following
grafting.

a single male and five females in the study group,
while in the control group there were 3 males and
females. The mean age of the cases in the study group
was (46.83+5.64) years and in the control group it
was (44.03+7.60) years. There was no significant
difference between tested groups regarding gender
(p=0.221), age (p=0.480). Demographic data are
presented in table (1).

Clinical results

Soft tissue healing went uneventful in all cases
till the end of follow up period except for one
case of the control group. Soft tissue dehiscence,
infection and pus were encountered in such case.
This coincided with the radiographic evidence of
graft dispersion through the sinus. Patients were
assessed also for BMA site adverse effects with
negative results.

TABLE (1) Intergroup comparisons and summary statistics of demographic data

Parameter Study Control Test statistic p-value
Gender Male 1(16.7%) 3 (50.0%)
1.50 0.221
[n(%)] Female 5(83.3%) 3 (50.0%)
Age (Mean+SD) (years) 46.83+5.64 44.03+7.60 0.73 0.480
Pre-operative bone height (Mean+SD) (mm) 4.00+1.17 4.78+0.77 1.36 0.205
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Radiographic results

The mean pre-operative bone height of the cases
in the study group was (4.00+1.17) mm and in the
control group it was (4.78+0.77) mm. There was
no significant difference between tested groups
regarding pre-operative bone height (p=0.205).
(Table 1)

Results of inter and intragroup comparisons of
bone height are presented in table (2), and showed
that within both intervals, there was no significant
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difference between both groups (p>0.05), and within
both groups, there was no significant difference
between values that was measured at both intervals
(p>0.05).

Regarding bone density, the inter and intragroup
comparisons showed that within all intervals,
control group had significantly higher density than
the study group (p<0.05). For the study group,
there was no significant difference between values
measured immediately post-operative and after 4
months for bone graft (p=0.251). (Table 3)

TABLE (2) Inter and intragroup comparisons of bone height (mm)

Bone height (mm) t p-
Interval
Study Control value value
Immediately after 12.02+3.71 13.16+1.81 0.67 0.517ns
After 4 months 10.01+£2.43 12.66+1.97 2.08 0.064ns
t-value 1.04 2.07
p-value 0.346 0.093

TABLE (3) Inter and intragroup comparisons of bone density (HU)

Bone density (HU) t p-
Interval
Study Control value value
Immediately after 211.16+£24.93 484.22+69.50 9.06 <0.001°*
After 4 months (graft) 228.06+18.79 529.36+£74.40 9.62 <0.001°*
t-value -1.30 -8.65
p-value 0.251 <0.001%*

(* = significant when <0.05)
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DISCUSSION

Various grafting materials have been utilized for
sinus augmentation procedure to rehabilitate the
atrophic posterior maxilla. Lack of the osteogenic
of all
autograft alternatives, encouraged the researchers

potential the commercially available
to utilize BMAC on bovine graft for sinus floor
augmentation in the present study. Few studies
have utilized this graft combination for sinus floor
augmentation®10:17-191,

However, none of the forementioned studies
investigated utilization of an additional factor
that might contribute to the enhancement of
the osteogenic potential of the BMAC. Such an
external factor may accelerate the remodeling
and mineralization of the grafting material. In the
present study, authors investigate the effect of
utilization of PRF membrane as a growth factor
reservoir on the osteogenic potential of the BMAC
in comparison to collagen membrane for covering
the lateral osteotomy window.

The forementioned studies assessed the resultant
bone quality only via a histomorphometric analysis
of a core biopsy before implant placement. No
radiographic outcome was assessed. Moreover,
none of those studies has utilized PRF with BMAC.
Hence, this point is still open to research. Therefore,
in the current study, the newly formed bone quality
and quantity were assessed via measurement of the
newly formed bone density and height respectively.

Moreover, utilization of one of the different types
of the available barrier membranes is necessary
for guided bone regeneration to prevent the rapid
ingrowth of unwanted type of cells and allow
only the bone forming cells to grow in the bony
defect 21,

Regarding membrane quality, a recent study has
investigated the barrier function against bacterial
invasion through comparing PRF to different
commercially available collagen membranes. PRF
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revealed less Staph aureus bacterial penetration,
non-significant membrane degradation and better
wound healing compared to two different collagen
membranes 2,

Regarding combination of PRF with bovine
graft, different studies showed non-significant
advantages for sinus lift procedure outcomes. The
only documented advantage was for soft tissue
healing enhancement %21,

Another study has compared PRF added bovine
graft to bovine graft only. The percentage of new
bone formation was higher in the PRF group while
percentage of graft remnants was higher in the graft
group with no significant difference.? A recent
review concluded that there was no statistically
significant difference among bovine graft combined
with PRF and bovine graft alone. A single occurrence
of reduction of graft resorption was encountered in
the PRF group 1.

Furthermore, another study concluded that the
addition of PRF to bovine bone has neither increase
the amount of regenerated bone nor the integration
of graft in the defect via histomorphometric
analysis. 12¢!

Bolukbasi N et al., 2015 has compared the
effect of collagen versus PRF membrane for 32
sinus augmentation procedures with Bio-oss alone
(without BMAC) and in terms of histological and
histomorphometric core biopsy assessment 27,
There was no statistically significant difference
between the two groups nor the remnants of the
grafting material. Moreover, the radiographic height
changes were significantly lower in the PRF group.
This is in the contrary to the radiographic height
results of the present study where there was no
significant difference among groups. The denisty of
the newly formed bone was not assessed. However,
BMAC was not utilized in the formentioned study
for SFA. Actually, such combination (PRF, BMAC
and bovine graft) was not reported in literature for
SFA to compare with the results of the current study.
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The biological combination of BMAC and PRF
was investigated only for its efficacy in nonunion
fractures together with the traditional fixation
methods compared to traditional fixation alone with
superior results (clinical and radiographic) for the
combination methods %,

Wang W et al., 2017 postulated that graft
enhancement with proteins or growth factors
increase the osteointegration of the graft and
guarantee the long-term success !, Sinus floor
augmentation, despite being a predictable procedure
with commercially available autograft alternatives,
the search for the ideal grafting material with least
complications is still open 3%,

Through literature, different variables have been
used to assess the success of the SFA procedure.
They include newly formed bone height B! 32,
volume 334 percentage by histomorphometric
analysis of core biopsy %31 density B> %! and
implant survival rate %41, In the current study, the
newly formed bone density and height were the
main indicators for increased osteogenic potential
with the associated membrane.

At the 4 months follow up period, the newly
formed bone density was significantly higher in the
control group. Moreover, the graft density increased
from baseline (immediate postoperative) to 4 months
follow up. This might be attributed to insufficient
time that has provided for the maturation of the bone
graft period as documented by Kadry W. et al., 2021
411 Tncreasing the follow up period might contribute
to changes in the density measurements among the
studied groups. Time dependent increase in the graft
density has been also reported in literature up to 2
years according to Gerhardt DMJM et al., 2018 42,

On the other hand, changes in the bone density
among the studied groups might be attributed
to the membranes’ mechanical properties. The
difference in the degradation potential of the two
membranes was investigated by Sam G et al., 2015
who reported that PRF exhibits 36% degradation
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of its initial weight by the end of the first week
compared to 3 % degradation of bovine collagen
membrane after the same period of time. ¥¥ The
faster degradation of PRF could have affected the
sustained release of the resident growth factors with
subsequent compromised membrane efficiency on
the short-term.

To the best of our knowledge, no recent study
compared the effect of the two membranes on the
osteogenic potential of BMAC in terms of the
yielded bone quality (density) and quantity (height)
at 4 months of SFA. Decreased bone density of
the study group is expected to increase on a time
dependant manner or when subjected to loading
of the implant ™. However, bone height was
comparable for both groups.

Within the limitations of the present study
of relatively decreased follow up period and the
absence of culture of stem cells for ethical concerns;
the utilization of a triad of stem cell source, growth
factors and appropriate scaffold seems promising,
applicable to different age groups and both sexes
and spares a second surgical site morbidity.

CONCLUSION

Collagen membrane utilization has yielded high-
er bone density compared to the PRF membrane in
sinus floor augmentation. No significant difference
among the studied groups was observed in the bone
height. Authors recommend further long-term clini-
cal trials with further density assessment in SFA
procedures.

Abbreviations

BMAC: bone marrow aspirate concentrate;
PRF: Platelet rich fibrin membrane; SFA: sinus
floor augmentation; MSCs: mesenchymal stem
cells; CBCT: cone beam CT; TGF-f1; transforming
growth factor-betal; PDGF: platelet-derived growth
factor; VEGF: vascular endothelial growth factor;
IL: interleukin.
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