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Original Article

Regenerative Capacity of Leukocyte-rich and Platelet-rich Fibrin in
Indirect Sinus Elevation Procedure May be Dependent on Model-Specific

Modification of the Centrifugation Cycle

Abstract:

Context: To compare optical density (OD) and fibrinogen content of leukocyte-rich and platelet-rich
fibrin (L-PRF) generated by standard protocol (2700 rotations per minute [RPM] for 12 min) versus
relative centrifugal force (RCF)-adjusted protocol across two widely used laboratory centrifuges with
swing-out rotors. Aims: Centrifuges for PRF production generate forces in excess of 800 g. The
study aimed to evaluate OD, fibrinogen content and effectiveness in bone-added osteotome sinus floor
elevation (BAOSFE) of leukocyte-rich and platelet-rich fibrin (L-PRF) generated by the standard
protocol (2700 RPM for 12 min) versus a RCF-adjusted protocol to generate precisely 400 g of force
across two centrifuges with swing-out rotors. The outcomes were compared to a standard centrifuge
configured to generate L-PRF as per the original Choukroun guidelines. Settings and Design: Sample
size for the present study was calculated using proportional power calculation. A minimum sample
size of 8 per group was needed to detect a bone height difference of 2 mm when the power of
the test is 0.80 at a significance level of 0.05. Subjects and Methods: Based on the centrifuge and
protocol used to generate L-PRF, 10 participants were assigned to each of the following groups are
as follows: D group, fixed angle centrifuge (DUO Quattro®) at default setting. R-O group: Swing-out
centrifuge (Remi 8C®) + standard protocol. R-A group: Remi 8C®™ centrifuge + RCF-adjusted
protocol. C-O group: Swing-out centrifuge (Remi C854®) + standard protocol. and C-A group:
Remi C854® + RCF-adjusted protocol. OD, fibrinogen content, and gain in bone fill and bone
height after BAOSFE were the evaluated outcomes. Statistical Analysis Used: Data were
analyzed using GraphPad Prism® Software version 6.0 (GraphPad Software Inc., La Jolla, USA)
and SAS Software® version 9.3 versions (SAS, New Delhi, India). Data were summarized by
mean + standard deviation for continuous data and median + inter-quartile range for the score
data. The comparison between different time points was done by analysis of one-way repeated
measures test, followed by post hoc test for score data. The comparison between two groups for
repeated data was made by analysis of two-way repeated measures test and followed by post hoc
test. Spearman’s Rho correlation test was used to test the correlation between prognosis and the
other variables. Results: L-PRF from the Remi C854® centrifuge with RCF-adjusted protocol
showed OD (P = 0.152) and fibrinogen content (P = 0.232) identical to those from the DUO
Quattro® centrifuge. L-PRF from Remi 8C® centrifuge with the RCF-adjusted protocol resulted
in maximum postoperative bone height gain (7.01 + 1.44 mm) and bone fill (13.50 + 4.51 mm?)
which was higher than that of the outcomes from the DUO Quattro® centrifuge (6.82 + 2.92 mm and
12.32 + 5.31 mm?). Conclusions: A reduction in RCF resulted in a less dense clot and had a positive
influence on the regenerative potential of L-PRF in BAOSFE procedure.

Keywords: Alveolar ridge augmentations, centrifugation, maxillary ridge augmentations,
platelet-rich fibrin

Introduction a centrifugation cycle!'? which is dependent
on the time, rotations per minute (RPM),
angulation of the tubes to the axis of
the rotor, and the g-force generated by
biomaterial ~ with — great potential for  (he centrifuge (relative centrifugal force
the bone- and soft-tissue regeneration [RCF]).! In these terms, the standard
without initiating local inflammatory  protocol to generate leukocyte-rich and
reactions.!'! The generation of PRF requires  platelet-rich fibrin (L-PRF) is to run a

centrifuge at 2700 RPM for 12 min at

PRF is an autologous, second-generation
platelet concentrate and is a healing
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around 400 g in tubes having a fixed angulation of 33° to
the central axis of rotation.!'?]

Considerable ambiguity in the protocol and armamentaria
for PRF exists, and these are frequently not clear or vary
across the individual studies.¥ With respect to the tube
angulation, centrifuges are of two types; fixed angle and
swing-out rotors.! PRF generation requires the tubes to
be at a 33° angle to the axis of rotation and hence, a fixed
angle centrifuge is preferred.!'*! Interestingly, studies on
the effects of platelet concentrates on bone regeneration
have utilized both swing-out®! and fixed angle
centrifuges!?! for PRF generation. Laboratory centrifuges
have swing-out rotors with tube angulation >33°;
these centrifuges show increased tube vibration and
parasitic acceleration which may cause possible cell
death and slow release of mediators in the obtained
platelet aggregate.'?) PRF generation also requires
precise centrifugation environment, which is specified
in terms of RCF and expressed as “g.”® The G-force
and RPM of a centrifuge are related by the formula
RCF = 1.12*r* (RPM/1000)* where, r is the center of the
centrifuge to tube end distance in millimeters.l” Contrary
to popular perception, it is the RCF that affects the
preparation, constituents, and clinical efficacy of PRF and
not the RP.I Peck et al."! have stated that RCF is critical
to the production of L-PRF and must be calculated for
each centrifuge used; however, most centrifuges do not
have a provision for setting up the RCF generated by
them.3¢7 The center of centrifuge to tube end distance
is as critical to the process of producing PRF as the
RPMI! and it is difficult to assume that there will be a
uniform rotor radii across the wide array of centrifuges
available.?*¢7 Assuming that the RPM required is 2700
and the tube length is 100 mm, the RCF as calculated by
the formula 1.12 x » x (RPM/1000)? will be 816 g which
is clearly in excess of the 400 g recommended in the
literature.['?! Using the same formula, a precise 400 g of
force can be generated in a 100-mm tube if the centrifuge
is run around 1900 rpm. Therefore, it may necessary to
adjust the RPM across different centrifuge models to
generate precisely 400 g of force for the preparation of
PRF which is biologically and clinically acceptable.l*5”

Platelet concentrates have been used with osteotome
sinus floor elevation (OSFE) for increasing the residual
bone height (RBH) in the atrophic posterior maxillae.*!%
Studies on the use of PRF in sinus elevation have either
used a fixed angle centrifuge®?! or have not described
the nature of centrifuge clearly.”'? The addition of a
bone grafts such as hydroxyapatites also results in faster
de novo bone formation in the sinus radiographically
and histologically.'>!*! Novel Hydroxyapatites such as
nanostructured Zn-substituted monetite are replaced
completely by the natural bone, thereby avoiding the
disadvantages of nonresorbable materials interfering with
normal bone remodeling process.!'”

The study has two objectives. The first objective of
this study was to compare optical density (OD) and
fibrinogen content of L-PRF generated by standard
protocol (2700 RPM for 12 min)!"? versus RCF-adjusted
protocol across two widely used laboratory centrifuges
with swing-out rotors. The adjusted protocol is derived by
measuring the “7” for both the centrifuges and applying
this in the formula g = 1.12 x » x (RPM/1000)? to measure
the RPM required when the g = 400; the optimum g-force
required to generate L-PRF with optimum qualities.!'?! The
values obtained will be compared to L-PRF obtained from a
centrifuge configured to generate L-PRF as per the original
Choukroun guidelines.!"*!3! The second objective of this
study is to compare the effectiveness of L-PRF obtained
across these three centrifuges in sinus augmentation using
the bone-added osteotome sinus floor elevation (BAOSFE)
technique.

Subjects and Methods

The purpose of this trial is to study, in BAOSFE technique,
the effect of L-PRF generated by model-specific modification
of the centrifugation cycle across two swing-out laboratory
centrifuges and a fixed angle centrifuge designed as per
the original Choukroun guidelines. Approval from the
Institution Ethical Committee (SVSIDS/PERIO/1/2015)
was obtained, and informed consent was taken from all the
participants.

Sample size

Sample size for the present study was calculated using
proportional power calculation. A minimum sample size of
8 per group was needed to detect a bone height difference
of 2 mm when the power of the test is 0.80 at a significance
level of 0.05.

Source of data and participant flow

From a subject pool of 88 participants, systematically
healthy participants between 25 and 50 years with
edentulous area in the posterior maxillary region having a
favorable interarch distance, RBH >4 mm and <8 mm and
willing for delayed implant placement were included in the
study. Medically compromised patients, participants having
uncontrolled periodontal disease or an active sinus infection
and smokers were excluded from the study. Nearly 50
participants (mean age = 38.22 £ 9.08 years/29 males)
satisfied the inclusion criteria and 10 participants each were
assigned to the following groups. (1) D group: participants
from whom L-PRF was obtained from a centrifuge
designed as per original Choukroun guidelines (DUO
Quattro®, Nice, France). (2) R-O group: L-PRF was
obtained from a laboratory swing-out centrifuge (Remi 8C®,
Mumbeai, India) conforming to the original centrifugation
cycle (2700 RPM for 12 min). (3) R-A group: L-PRF was
obtained from a laboratory swing-out centrifuge (Remi
8C®, Mumbai, India) as per a RCF-adjusted protocol. The
protocol was revised as follows: two operators (Rampalli

Contemporary Clinical Dentistry | Volume 10 | Issue 3 | July-September 2019 434



Chandra, et al.: Regenerative capacity of L-PRF is dependent on centrifuge

[Tk 1)

Viswa Chandra and Varanasi Vaishnavi) calculated the “7
value for the centrifuge [Figure 1] and an average was
taken (» = 125 mm). The RPM required to generate 400 g
of RCF in a 125-mm tube was calculated (RPM = 1690).
The centrifuge was run at 1700 RPM for 12 min. (4) C-O
group: L-PRF was obtained from a laboratory swing-out
centrifuge (Remi C854®, Mumbai, India) conforming to
the original centrifugation cycle (2700 RPM for 12 min).
(5) C-A group: L-PRF was obtained from a laboratory
swing-out centrifuge (Remi C854®, Mumbai, India) as per a
RCF-adjusted protocol. The “/” value was 130 mm and the
revised RPM to generate 400 g of force was 1650. Unlike
other centrifuges, this centrifuge lacks a digital display and
hence the centrifuge was run at setting “2” (corresponding
to 1400RPM) for 14 min. A nonrandomized, open-label
protocol was followed and participants were treated
sequentially in the order of recruitment into the study.

Investigations and interventions

From each participant (» = 50), 30 mL of blood was
drawn into three silicone coated 10 mL tubes (Becton
Dickinson, Gurgaon, India) devoid of an anticoagulant
from the antecubital vein rapidly for the production of
L-PRF. Corresponding to the group, the participant was in,
either the preset button for L-PRF was selected (D group;
”PRF(L)”) or the RPM was set (R-O and C-O groups)
or adjusted accordingly (R-A and C-A groups) for each
centrifuge. Three clots were obtained per participant after
the centrifuge cycle was completed.

Optical density and fibrinogen content in leukocyte-rich
and platelet-rich fibrin clots

One clot per participant was sliced vertically into two broad
segments for OD and fibrinogen estimation. Estimation of
OD is an acceptable method to estimate platelet behavior
and to analyze the kinetics of fibrin clot formation. OD of
L-PRF clots was estimated as follows:*1%!718] the clots were
centrifuged, washed, and dried in a manner described by
Saifer and Newhouse.'") The OD of this standard clot was
read in a spectrophotometer (Systronics 1203, Ahmedabad,

400 = 1.12 x r x (RPM/1000)2

Central axis to

Length of the tube B e e

Figure 1: The rvalue in the formula 1.12 x r x (rotations per minute/1000)? is
calculated from the central axis to the end of the centrifuge tube connected
to the rotor. We have calculated this distance by adding the length of the
inner tube placed in the centrifuge and the central axis to mouth distance

India) at 570 nm after preparing the clots as per standard
protocols.'®!7) The fibrinogen content in the L-PRF clot
was assayed by the immunoturbidimetric method by using
a commercially available kit (Fibrinogen Assay®, Diazyme
Europe, Dresden, Germany) as per standard protocols.['”)

Bone-added osteotome sinus floor elevation procedure

Two clots from each participant were used for the BAOSFE
procedure. Briefly, the procedure was done as follows:!!!
a crestal incision was given on the palatal aspect of the
anticipated osteotomy site and a full-thickness flap was
elevated for adequate visualization. The site was marked
with a small round carbide bur and a 2-mm twist drill to the
depth of 1-mm short of sinus floor was made which was is
then widened to 3 mm. The L-PRF obtained was initially cut
into small pieces with a surgical scissor. These were placed
inside the osteotomy as a cushion during sinus elevation.
A suitable-sized osteotome (<3 mm) was used to advance the
sinus floor by 1 mm with each mallet stroke, until the desired
bone height is obtained. To check for the maxillary sinus
membrane integrity, the patient was asked to perform the
Valsalva maneuver. The remainder of the L-PRF was mixed
with a Zn-substituted monetite scaffold (Siloss®, Azure Bio,
Madrid, Spain) and was packed into the osteotomy site by
tapping it with osteotome and mallet. The mucoperiosteal
flap was then repositioned and sutured.

Radiographic assessment

Radiographs were taken with digitalized RVG machine
(Carestream Dental RVG 5200®, Kodak, New Delhi,
India) at 60 kVp/2 mA with inactive interface at baseline
and 6 months. The gain in bone height was calculated by
measuring the distance between the sinus floor and the most
occlusal aspect of the alveolar ridge at the baseline and at
6 months just before the implant placement. The evaluation
of bone fill was performed by using digital-subtraction
technique and morphometric area analysis by using specific
tools in two image processing software [Figures 2 and 3].1*"!

Digital-subtraction technique

The radiograph obtained at 6 months was subtracted from
the one taken at the baseline by using commercially available

ge Layer Select Fi ew Window Help

Style: [Normal =1 [ [

th Feather: [opx 7
e} s @=]|m =

Figure 2: Pre- and post-treatment radiographs were subtracted in adobe
Photoshop® to identify the areas of bone fill
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image processing software (Adobe Photoshop® 6.0, Adobe
Systems, San Jose, USA). To reduce the brightness and
contrast variations, both images were adjusted based
on the levels and the curves in the software. Before
digital subtraction, both scans were moved in appropriate
directions as needed, to reduce the geometric distortion.
These images were then superimposed and subtracted by
selecting the image>calculation>exclusion>new channel
tools. The excluded residual bone layer was outlined by
using the polygonal lasso tool and the layer was copied
and saved as a separate joint photographic expert group
document at low compression.

Morphometric area analysis

After digital subtraction, the digitized and excluded residual
bone layer was transferred to open source software for the
area calculation (ImageJ®, Research Services Branch, NIH,
and Bethesda, Maryland, USA). The layer was converted
into a grayscale image, and the measurement scale was
set to account for any magnification/reduction of the
radiograph because of the RVG. The area of the layer
was calculated (in mm?) by initially enclosing the entire
area with the rectangular selection tool and then by using
analyze > analyze particles tool.

Statistical analysis

Data were analyzed by GraphPad Prism® software
version 6.0 (GraphPad Software Inc., La Jolla, USA) and
SAS software® version 9.3 versions (SAS, New Delhi,
India). Data were summarized by mean =+ standard
deviation for continuous data and median £ inter-quartile
range for score data. The comparison between different
time points was made by analysis of one way repeated
measures test and followed by post hoc test for score data.
The comparison between two groups for repeated data was
made by analysis of two way repeated measures test and
followed by post hoc test. Spearman’s Rho correlation test

d
ile Edit Image Process Analyze Plugins Window Help
Bolc|ol<|«|+|NAla|o|0) s 20| 7] | |~
Zolor picker (255.255.255/0.0.0)

d < | 4 Drawing. — O X |4

212x266 pixels; 8-bit (inverting LUT); 55| 212x266 pixels; 8-bit, 55K File Edit Font Results
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Figure 3: Morphometric area analysis was performed after digital
subtraction and was calculated (in mm?) after converting the layer into a
gray scale image in ImageJ®

was used to test the correlation between prognosis and the
other variables. All the values of P < 0.05 were considered
as statistically significant, and <0.001 were considered
highly statistically significant.

Results

All enrolled participants (n = 50) completed the treatment
and one particpant each from the R-O and R-A groups was
lost during follow-up because of geographic relocation.
Mild postsurgical pain (n = 12) and swelling (n = 21)
were the most common postsurgical complaints. However,
no untoward effects or complications were observed.
Forty-eight participants were included in the final analysis.

Table 1 shows the results of intergroup comparison of
OD and fibrinogen content between all the groups. There
were a significant intergroup difference in ODs of the
L-PRF generated by the centrifuges (P = 0.021). The
highest OD was observed in L-PRF clots from the R-O
group (2.00 £ 1.65). The ODs of L-PRF from the R-O, R-A,
and C-O groups showed a significant to highly significant
difference when compared to that of the OD of L-PRF
from the D group. L-PRF clots from C-A group showed
identical OD values to those from the D group (P = 0.152).
Modifying the centrifugation cycle resulted in highly
significant reduction (P < 0.001) in the OD of L-PRF in
R-A and C-A when compared to that of the R-O and C-O
groups, respectively. Similar trends were observed in the
fibrinogen analysis between all the groups as well. The
highest fibrinogen content was observed in L-PRF clots
from the R-O group (19.01 £+ 5.87 mg/dL). The fibrinogen
content in L-PRF from the R-O, R-A, and C-O groups
showed a significant to highly significant difference when
compared to than those from the D group (P = 0.032).
L-PRF clots from C-A group showed identical fibrinogen
values to those from the D group (P = 0.232). Modifying
the centrifugation cycle resulted in highly significant

Table 1: Intergroup comparison of optical density and
fibrinogen content between all groups

Parameter Group Mean+SD F P
oD D 0.84+0.32 1.892 0.021°

R-O 2.00+1.65°

R-A 0.96+0.35%*

C-0 1.56+0.82f

C-A 0.88+0.67""
Fibrinogen D 7.39+1.12 2.362 0.032*
(mg/dL) R-O 19.0145.87

R-A 8.44+1.67+

C-O 13.72+7.221

C-A 7.74+8.23"

Significant; "Highly significant and *Significant when compared
to the D Group; *Highly significant when compared to R-O Group;
“Highly significant when compared to C-O Group. D: DUO Quattro®;
R: Remi 8C®; C: Remi C854®; O: Original and A: Adjusted protocol;
OD: Optical density; SD: Standard deviation
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reduction (P < 0.001) in the fibrinogen content of L-PRF in
R-A and C-A when compared to that of the R-O and C-O
groups, respectively.

Table 2 summarizes the intergroup comparison of
bone height and bone fill between all groups. L-PRF
application resulted in significant bone height gain in all
the groups (P = 0.029). R-A group showed the maximum
postoperative bone height gain (7.01 + 1.44 mm) which
was similar to the bone height gain observed in the D
group (6.82 = 2.92 mm) with no statistical significant
difference between them (P = 0.361). Bone height gain
R-0O, C-O, and C-A groups showed a significant to highly
significant difference when compared to than those from
the D group. Modifying the centrifugation cycle resulted
in highly significant (P < 0.001) gain in bone height
in R-A and C-A when compared to that of the R-O and
C-O groups, respectively. L-PRF application resulted in
significant bone height gain in all the groups (P = 0.030),
and R-A group showed maximum bone fill among all the
groups (13.50 + 4.51 mm?). D group showed significant to
highly significant differences in bone fill when compared to
that of the other groups. Modifying the centrifugation cycle
resulted in highly significant (P < 0.001) bone fill in R-A
group when compared to that of the R-O group.

When the OD and the bone height/bone fill were compared
to each other [Table 3], the correlations were as follows;
there was a positive and significant correlation between
OD and BH in the D (» = 0.3923; P = 0.0293) and
R-A (r = 0.4831; P = 0.0490) groups. There was also a
positive and significant correlation between OD and SF
in the D (» = 0.2217; P = 0.0476) and C-A (r = 0.18561;
P =0.0389) groups.

Discussion

Pinto et al have stated that centrifuge characteristics
can directly impact the architecture, cell content, and
the biologic signature of an L-PRF clot. At 2700 RPM,
the two laboratory swing-out centrifuges used in this
study, Remi 8C® and Remi C854%, generate a g-force
of 1020 g and 1060 g, respectively. The ratio between
the cellular elements and the fibrin matrix in L-PRF can
vary depending on the centrifugal force used’-'*?°! and a
higher centrifugal force can result in a thicker clot with
fewer cellular elements. Modifying the centrifugation
cycle resulted in highly significant reduction in the OD
of L-PRF in both the centrifuges. Adjusting the RCF to
400 g by reducing the RPM results in less dense fibrin
clot containing more cells!'>?Y and may improve the
physical and regenerative properties of the L-PRF.[!'37
L-PRF clots from the Remi C854® laboratory centrifuge
with a RCF-adjusted protocol showed identical OD values
to those generated from the centrifuge customized for
L-PRF generation (DUO Quattro®). In the absence of
a digital display, the tubes were run at a slightly lower
RPM corresponding to the manual controls than the Remi

Table 2: Intergroup comparison bone height and bone
fill between all groups

Parameter Group Mean+SD F P
BH (mm) D 6.824+2.92 1.859 0.029°

R-O 5.2243.28*

R-A 7.01£1.44"

C-O0 4.89+1.19*

C-A 5.8243.564
Bone fill D 12.32+5.31 3.182 0.030°
(SF) (mm*)  R-O 10.67+6.89¢

R-A 13.50+4.51%*

C-O0 9.62+4.22"

C-A 10.01+5.20%

aSignificant; “Highly significant when compared to R-O Group;
“*Highly significant when compared to C-O Group; ‘P value
represents significant. D: DUO Quattro®; R: Remi 8C®; C: Remi
C854®; O: Original and A: Adjusted protocol; BH: Bone height; SD:
Standard deviation; SF: Sinus floor

Table 3: The correlation between optical density versus
bone height and bone fill using Spearman correlation

Correlation Group Spearman’s Rho P
OD versus D 0.3923 0.02932
BH R-O —0.23573 0.1346
R-A 0.4831 0.0490°
C-0 0.78962 0.1466
C-A 0.16882 0.0513
OD versus D 0.2217 0.0476°
SF R-O 0.17847 0.6328
R-A 0.84357 0.0671
C-0 —0.27659 0.2383
C-A 0.18561 0.0389°

Significant. D: DUO Quattro®; R: Remi 8C®; C: Remi C854°;
O: Original and A: Adjusted protocol; OD: Optical density; BH: Bone
height; SF: Sinus floor

8C® (1400 RPM vs. 1700 RPM) which may have resulted
in a less dense L-PRF.

During L-PRF preparation, almost the entire soluble
fibrinogen is transformed into insoluble fibrin that
polymerizes into a stable three-dimensional matrix.?" Rather
than assaying only the zone of fibrin, sample preparation
mimicked the actual procedure after centrifugation, that
is., the lifting of clot from the collection tube and the
separation of PRF from the red blood cell (RBC) base
using scissors. In L-PRF, fibrinogen is undetectable or
found in minute quantities,”” but we were able to detect
sub-optimal quantity of fibrinogen. The L-PRF clot used for
fibrinogen assay had a part of the intermediate buffy-coat
which can retain components such as fibrinogen even after
centrifugation.?!??! Contamination from the lower RBC-rich
layer cannot be ruled out as well. Insoluble fibrinogen
can leads to uncontrollable coagulation and unpredictable
platelet activation.”>?3) Vibrations and excessive g-forces
can also affect the subsequent fibrin polymerization!'?>%!
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and modifying the centrifugation cycle resulted in highly
significant reduction (P < 0.001) in the fibrinogen content of
L-PRF in in both the swing-out centrifuges, whereas L-PRF
clots from Remi C854® centrifuge run with RCF-adjusted
protocol showed identical fibrinogen content to those from
the DUO Quattro® centrifuge (P = 0.232). This reduction
in fibrinogen content caused by reducing the RPM may
improve the biological and physical signature of L-PRF.2!%!

PRF is an acceptable regenerative material in sinus floor
elevation®'¥ and L-PRF application resulted in significant
gain in bone height in all the groups (P = 0.029). L-PRF
from Remi 8C® centrifuge with the RCF-adjusted
protocol resulted in maximum postoperative bone height
gain (7.01 £ 1.44 mm) which was higher than the outcome
from the DUO Quattro® centrifuge (6.82 + 2.92 mm).
Centrifuges producing high G-forces cause vibrations which
can result in the production of aberrant cell population
and an inconsistent fibrin matrix and reduction in these
forces can offset this effect."*!31 The Remi 8C® centrifuge
is the heaviest centrifuge of the three and is least at risk
of vibrations during centrifugation.!! Reducing the RCF to
400 g by following a RCF-adjusted protocol or by using
a fixed-angle centrifuge (DUO Quattro® centrifuge) which
is essentially free from parasitic vibrations!'?! also results
in optimum release of growth factors®!*?!l contributing
to the gain in bone height in this study. When the OD
of the clot was correlated to the bone height obtained,
there was a positive and significant correlation between
OD of L-PRF and bone height when DUO Quattro®
centrifuge (= 0.3923; P=0.0293) and Remi 8C® centrifuge
with RCF-adjusted protocol (» = 0.4831; P = 0.0490) were
used. Fibrin matrix density is an important determinant
in the process of tissue regeneration,**! and reparative
processes occur more slowly in denser clots;***! L-PRF
produced at higher g-forces results in a denser clot.->*%]
The Remi 8C® centrifuge with RCF-adjusted protocol
runs at lower RPM resulting in less dense clots and better
reparative processes contributing to improved gain in bone
height. Similar trends were observed for bone fill as well
with L-PRF from Remi 8C® centrifuge with RCF-adjusted
protocol showing maximum bone fill among all the groups
(13.50 + 4.51 mm?). When OD of the clot was correlated to
the bone fill obtained, there was a positive and significant
correlation between OD of L-PRF and bone height when
DUO Quattro® centrifuge (» = 0.2217; P = 0.0476) and
Remi C854® centrifuge with adjusted protocol (= 0.18561;
P = 0.0389) were used. This centrifuge was run at a lower
RPM (~1400) resulting in clots which are less dense.

This study has some limitations worth noting. We have
assumed 400 g of RCF as the standard for L-PRF based on
the pioneering studies on PRF generation.!'>!32!] The PRF
protocol is an open-access system!”® and the ideal RCF
to generate PRF currently seems to vary from 400 g to
800 g.?"! Regardless of the RCF considered as normal, the
RPM must be lower than 2700 RPM to achieve a lower

G-force which is the very essence of this study. The
r-value in the formula 1.12 x » x (RPM/1000)? is generally
calculated from the central axis to the end of the centrifuge
tube (outer tube) connected to the rotor at 90° angulation to
the same axis. We have calculated this distance by adding
the length of the inner tube (the tube into which blood is
drawn into and placed in the outer centrifuge tube) and the
central axis to tube-mouth distance. This distance is shorter
by 3—5 mm as there is a stopper which balances the outward
force exerted on the inner tube during centrifuging.!! This
calculation, we feel is more specific as blood collects at the
end of the inner tube during centrifugation and is easy to
record. Remi C854® has no provision to display the RPM;
we had to assume a value of 1400 RPM for 14 min by
analyzing the graduations on the analog control.

PRF is a product from a centrifuge and understanding the
principles of centrifugation is essential as the RCF can
affect the quantity, quality, and the regenerative capacity
of the PRF matrix. A reduction in RCF by adjusting the
RPM had a positive influence on the regenerative potential
of L-PRF in BAOSFE procedure. Critical issues behind
using a centrifuge for PRF generation such as the choice
of rotor, RCF-RPM relationship and even using terms such
as “PRF” and “NonPRF centrifuge” to clearly identify
centrifuges ideal for generating PRF must be addressed
to generate further clarity on the effectiveness of these
devices.
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