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ةيومدلاحئافصلابةينغلاامزلابللرركتملابيسنتلاريثأتديدحت:ثحبلافادهأ
.ةبلصلاوةوخرلاةجسنلأاتانوكمىلعيمكلاديمجتلابةففجملا

ذخآميفاقحلااهنقحوايعضومحئافصلابةينغلاامزلابلاعضومت:ثحبلاقرط
اقفوايئاوشعهرايتخامتو،يحارجلاةثلاثلاىحرلاسرضجذومنمادختسابةديدج
ةينغلاامزلابلاقيبطتمت.يمهولاءاودلامكحتلاعقومىقلت.مفلاميسقتةقيرطل
تناك.ةحارجلادعبنيرهشدعبو،دحاورهشدعبو،ةحارجلاءانثأحئافصلاب
يفبيجلاقمعو،ققشتلاو،مروتلاو،ةحارجلادعبمللأايهجئاتنلاسيياقم
ماظعلانيوكتو،ةوخرلاةجسنلأاءافشو،ديعبلارواجملايناثلاسرضلافصتنم
نيعجارملاءاحصلأابابشلانمرشعةسمخكارتشامت.)ايعاعشهمييقتمتيذلا(
.ةساردلاهذهيفايلاامةعماجبنانسلأاةدايعيف

ققشتلاو،مروتلامجحو،ةحارجلادعبامملأيفريبكقرفكانهنكيمل:جئاتنلا
ةعومجمترهظأ،كلذعمو.ةساردلاهذهلددحملاينمزلالودجلانمضماظعلاءافشو
ةدملةحارجلادعبامةرتفيفبيجلاقمعيفاريبكاضافخناحئافصلابةينغلاامزلابلا
.ةوخرلاةجسنلأامائتلانسحتحئافصلابةينغلاامزلابلانأىلإريشياممنيرهش

بيجلاقمعريغتللاخنمةوخرلاةجسنلأاءافشسايقرهظأ:تاجاتنتسلاا
مائتلايفحئافصلابةينغلاامزلابلاةدئافىلإريشيامم،اريبكاضافخنايوثللا
ةحارجلادعبامتافعاضمليلقتوماظعلاديدجتنإف،كلذعمو.ةوخرلاةجسنلأا
قيبطتلاويمكلاسايقلادعبىتحنسحتيأرهظيملحئافصلابةينغلاامزلابلاىلإ
.حئافصلابةينغلاامزلابللرركتملا

مائتلا؛ديمجتلابةففجملاةيومدلاحئافصلابةينغلاامزلابلا:ةيحاتفملاتاملكلا
.ديدجتلا؛ومنلالماوع؛ةوخرلاةجسنلأامائتلا؛ماظعلا
Corresponding address: Department of Oral & Maxillofacial

nical Sciences, Faculty of Dentistry, University of Malaya, 50603

ala Lumpur, Malaysia.

E-mail: ngeowy@um.edu.my (W.C. Ngeow)

r review under responsibility of Taibah University.

Production and hosting by Elsevier

8-3612 � 2021 The Authors. Published by Elsevier B.V. This is an o

tp://creativecommons.org/licenses/by-nc-nd/4.0/). https://doi.org/10.1
Abstract

Objective: To determine the effects of repeated placement

of quantified lyophilised platelet-rich plasma (LPRP) on

the soft and hard tissue components.

Methods: Lyophilised platelet-rich plasma was topically

placed, and later injected, into fresh sockets using the third

molar surgical model, randomised according to the split-

mouth approach. The control site received placebo. The

application of LPRPwas done intraoperatively, one month

and two months postoperatively. The measured endpoints

included post-operative pain, swelling, trismus, pocket

depth at mid-distal adjacent second molar, soft tissue heal-

ing, and bone formation (which was assessed radiographi-

cally). Fifteen healthy young adults, agedbetween 21 and 35

years, visiting the Oral and Maxillofacial Surgery Clinic at

the University of Malaya were recruited for this study.

Results: There was no significant difference in post-

operative pain, swelling size, trismus, and bone healing

within their specific timelines during this study. However,

the LPRP group showed significant reduction in pocket

depth at the two-month post-operative period, suggesting

that LPRP improves soft tissue healing.

Conclusion: Soft tissue healing, measured as the change

of periodontal pocket depth, showed significant reduc-

tion, suggesting the benefit of LPRP for soft tissue heal-

ing. However, bone regeneration and reduction of post-

operative sequelae showed no improvement even after

quantification and repeated LPRP application.

Keywords: Bone healing; Growth factors; Lyophilised

platelet-rich plasma; Regeneration; Soft tissue healing
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Introduction

The loss of hard and soft tissues in the oral cavity following

extraction, trauma, or chronic periodontitis is the leading cause
of deformity on the alveolar ridge. Therefore, the preservation
and reconstruction of the alveolar ridge is the holy grail of

research. The use of chairside platelet-rich plasma (PRP) to aid
tissue healing is popular among surgeons. Platelets-derived
growth factors contained in PRP play a key mediator role by

acting as a chemoattractant and mitogen, aiding angiogenesis
and tissue repair1; however its clinical application has been
inconclusive. Since the introduction of PRP for maxillofacial
use in 1997 by Withman,2 there has been no single protocol

showing significant reproducible results. A recent systematic
review stated that there is limited evidence regarding the
effects of PRP in the intraoral bone grafting procedure,3 and

scientific evidence for PRP promoting third molar socket
healing was poor,4 thus suggesting further research to fully
identify its indication and effectiveness in patients. However,

Anitua,5 who studied PRP extensively across many
disciplines of medicine, concluded that it does promote
significant bone healing. These conflicting conclusions

prompted us to review 18 PRP6e23 studies on extraction
sockets, which showed that 10 studies assessed both soft and
hard tissues healing, two assessed soft tissue healing alone,
and six assessed hard tissue healing alone. This review

showed a spectrum of PRP production protocols as well as
healing outcomes with no definitive conclusion.

There are two apparent reasons for this variation in results:

first, the quantity of platelet used is not quantifiable prior to
placement; second, this method only allows for a single appli-
cationofPRPat the start of the healing process.This limitation

can be addressed by lyophilised platelet-rich plasma (LPRP).
Lyophilised platelet-rich plasma essentially refers to

platelet cells in plasma that have been freeze-dried into
powder form, thereby allowing platelet quantification, and

are suitable for prolonged storage. Studies show that
platelet-rich plasma lyophilisation24 enables growth factor
preservation and functionality when compared with

fresh PRP. In a nutshell, growth factors that are the
essence of PRP can be maintained during the storage process.

This study aimed to determine the effects of providing

repeated doses of quantified LPRP, available in lyophilised
form, on soft and hard tissues healing following surgical
removal of third molars. Additional endpoints included

assessment of its ability to reduce post-operative sequelae,
namely swelling, pain, and trismus. Our null hypothesis is as
follows: placement of repeated doses of quantified LPRP will
aid in soft and hard tissues healing.

Materials and Methods

A prospective randomised controlled trial using the
impacted third molar surgery model was conducted on out-
patients attending the Oral and Maxillofacial Surgery Clinic
at the Faculty of Dentistry, University of Malaya to inves-
tigate the soft and hard tissues healing, and sequelae asso-

ciated with third molar extraction in LPRP-treated and non-
LPRP-treated socket sites.

Patient selection and blood donation

A sample of 15 patients with clinical indications for
extraction of bilateral impacted mandibular third molars

with similar orientation, depth, and root morphology was
identified from a pool of patients presenting at the Oral and
Maxillofacial Surgery Clinic at the Faculty of Dentistry,
University of Malaya. These patients consisted of healthy

individuals aged 21e35 years from both genders, and who
complied to the American Society of Anaesthesiologist
classification of Class 1 (ASA1).

During the first visit, interested patients were informed of
their diagnosis and the need for surgical intervention, with an
outline of the treatment plan together with their rights and

responsibilities. Patientswere sent for Full BloodCount (FBC)
to ensure that their haemoglobin and platelet levelswerewithin
normal range.During the secondvisit, theywere providedwith

a written informed consent form specifying the title of the
study and the possible risks and complications that may arise
because of surgery. Consented patients were then enlisted for
blood donation, pre-blood donation vital signs (blood pres-

sure, oxygen saturation, pulse rate, and temperature) were
recorded, and blood was collected using the blood donations
kits provided by Stemtech International. A blood collection kit

contains one JMS� single blood-transfer bag with anticoag-
ulant (Citrate-Phosphate-Dextrose-Adenine), two BD
Vacutainer� SSTs (containing silica and polymer gel), and a

consent booklet for blood-taking procedure and screening of
infectious diseases. Around 300e350 ml of their periphery
blood was collected for LPRP processing. An additional 10ml

of blood was collected into two BD Vacutainer� SSTs for
screening of infectious diseases prior to LPRP processing. All
blood products were labelled with the patient’s name and na-
tional identification numbers and sealed accordingly. Patients’

vital signs were monitored for around one hour after blood
transfusion before being discharged.

Lyophilised platelet-rich plasma preparation

All blood products were screened via serology and nucleic
acid test for potential blood-borne infections, such as syph-

ilis, Hepatitis B, Hepatitis C, and HIV. Once cleared, they
were centrifuged according to protocol to prepare PRP, after
which platelet count was validated. Once the PRP was ali-

quoted into vials, they were then freeze-dried to produce
LPRP. Sterility testing was performed on all vials before
being sent out. All preparations were done by Stemtech In-
ternational, a certified good manufacturing practice (GMP)

facility. We received five vials per patient, with each vial
containing two billion platelets (Figure 1).

Surgery and lyophilised platelet-rich plasma placement

Lyophilised platelet-rich plasma returned from Stemtech
International at least three days prior to the day of surgery and

http://creativecommons.org/licenses/by-nc-nd/4.0/
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was stored at �80 �C. Pre-operative baseline facial measure-
ments and the width ofmouth opening were taken immediately

before surgery. This protocol follows one that is currently
practiced at our centre.25 Standard third molar surgery was
performed by a single operator with the sockets randomised

to be controlled or as LPRP study site. The height of the
distal exposed root to the cementoenamal junction (CEJ) of
the adjacent second molar was measured using a periodontal

probe immediately post-operatively. Using the split-mouth
approach, sockets on one side received LPRP, whereas the
ones on the contralateral sockets (control) did not undergo
intervention. Lyophilised platelet-rich plasma was placed topi-

cally into the extraction sockets of impacted third molars with
the aid of Mitchell’s osseous trimmer (Figures 2A and 2C). All
bony surfaces were completely lined with LPRP and the flap

was held with 4/0 polyglactin 910 (Vicryl �; Johnson &
Johnson, USA) simple interrupted sutures, after a clot had
formed over it. Another LPRP vial was reconstituted using

2 mm of normal saline (Figure 2B) and was injected into the
submucosa as per protocol used to inject steroids into the
submucosal region,whichwasdone at our centre25 (Figure 2D).
Figure 1: An example of the LPRP vials used in this experiment.
Parameters measured

All patients underwent three months of clinical and radio-

graphic follow-up. Reviews were performed on post-operative
days one, two, and seven for assessment of healing at structures
adjacent to the surgical site. Facial swelling measurements

were taken as the sum of the length of two lines along the pre-
determined facial reference points from the outer corner of the
eye to the angle of mandible and tragus of the ear to the corner
of the mouth.25 Facial measurement was taken using a

measuring tape. The percentage of facial swelling was then
calculated based on the differences between baseline
measurements with measurements taken on the three days of

the study period. Trismus was measured as the changes in
the width of mouth opening (maximum interincisal distance)
between pre-operative and post-operative days one, two, and

seven. Painwas evaluated and recorded on post-operative days
one, two, and seven using a 10 cm visual analogue scale (VAS).
The state of soft tissue healing was assessed on post-operative
day seven, with periodontal pocketing distal to the second

molar measured using a periodontal probe to the CEJ at post-
operative day seven and post-operative one and two months.
The healing index of Landry and Gonshor26,27 was used to

complement these measurements.
During the first and second months of review, another

two doses of constituted LPRP were injected into the sub-

mucosa adjacent to the socket. Prior to the injections, peri-
odontal pocketing at the mid-distal to the second molar was
measured using a periodontal probe. The CEJ of the second

molar was used as the upper limit of pocket depth.
Bone repair was assessed using an intraoral periapical

(IOPA) radiograph obtained at the three-month post-opera-
tive period. All radiographs were obtained by the same radi-

ographer using the same technique. Changes in bone repair
were assessed through image histogram analysis using Image J
1.52a (National Institutes of Health & the Laboratory for

Optical and Computational Instrumentation [LOCI], Uni-
versity of Wisconsin, USA). Image J can calculate pixel value
statistics of user-defined selections and intensity-thresholded
objects, which it then shows as density histograms. The his-
togram indicates how many pixels of a selected area share the

same grey spectrum (0 ¼ pure black and 255 ¼ pure white).
Image J 1.52 produced a graft with the x-axis showing grey
levels (0e255), and the y-axis, showing their frequency in the

selected area. The radiographic densities of the extraction
sockets were compared with the densities of the basal bone and
interradicular space of the adjacent teeth, with the difference

between both serving to distinguish changes in the LPRP and
control sides (Figure 3). The difference between the two
histograms taken at three months post-surgery (histogram
difference [HD]) was calculated. Histogram difference is

inversely proportional to new bone formation; that is, the
lower the difference, the greater is the degree of bone repair.
Therefore, the extraction socket histogram was always

compared with the same landmark on the radiograph, in order
to compensate for any differences in tone from one film to
another. In keeping with the split-mouth design of the study to

minimise variability, HDs of both sides of the same patient
were compared as well. The median HD was calculated for
each radiographic assessment (at three-month follow-up) to
show the progress of bone healing in the PRP side as compared

with the control side.

Data analysis

Data obtained were analysed using IBM SPSS Statistics
version 25.0 (IBM Corporation, New York, USA). Findings

from the two study sites was analysed using Levene’s test to
show equal homogenous assumption and normality testing
prior to statistical analysis. The independent sample t-test was

used for the histogram finding and soft tissue healing, followed
by paired sample t-test to evaluate changes in histogram and
soft tissue healing. The repeatedmeasureANOVAwas used to

evaluate pain score and facial swelling. As for the mouth
opening, the mean was calculated for comparison with the
baseline. The significant value was set at p < 0.05.

Results

The samples recruited consisted of 12 healthy females and

three healthymales, with amean age of 26 (4.90) years (ranging
from 21 to 35 years). The processed LPRP vials had a mean



Figure 2: (A) Powder form of LPRP prior to topical placement into extraction socket; (B) Reconstituted LPRP in 2 ml normal saline; (C)

Topical placement of LPRP into the extraction socket; (D) Submucosal injection of reconstituted LPRP.

Figure 3: Histogram analysis using Image J 1.52a. (1) An area of basal bone and interradicular space of the adjacent teeth is used as

control; (2) An area of previously impacted third molar that has been removed surgically, followed by LPRP placement.
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platelet concentration of 1126 � 103/uL, with a platelet con-
centration range of 928e1186� 103/uL. All serology tests and

nucleic acid tests for syphilis, Hepatitis B & C, and Human
Immunodeficiency Virus (HIV) were negative. Bacterial and
fungal tests on the processed LPRP were also negative.

Sequelae of third molar surgery

Pain, swelling, and trismus are three common sequelae of

third molar surgery. Post-operative pain scores on day one
Table 1: Comparison of LPRP-treated and control groups paramete

A. Mean VAS Pain score (SD) [Range] (0e10)

Post-operative LPRP

Day 1 At 9:00 am 2.46 (1.24)

[0e7.0]
At 6:00 pm 2.33 (1.83)

[0e5.0]

Day 2 At 9:00 am 3.13 (2.16)

[0e7.0]
At 6:00 pm 2.66 (1.87)

[0e9.0]

Day 7 At 9:00 am 1.60 (1.40)

[0e6.0]

At 6 pm 1.26 (1.48)

[0e5.0]

B. Mean distance from tragus to the corner of the mouth (in mm) (SD) [

Post-operative LPRP

Baseline 115.4 (8.5) mm

[104e130]

Day 1 114.1 (29) mm

[105e135]
Day 2 122.6 (10.1) mm

[108e140]

Day 7 116.6 (7.1) mm

[104e129]

C. The distance from the outer canthus to the mandible angle (in mm) (S

Post-operative LPRP

Baseline 102.8 (6.1) mm

[94e115]
Day 1 120 (12) mm

[104e140 mm]

Day 2 116 (11.0) mm

[100e135 mm]

Day 7 112 (12.1) mm

[98e135 mm]

D. Pocket depth (in mm) (SD) [Range]

Post-operative LPRP

POD7 5.67 (0.82)

[5.0e7.0]

PO1M 4.53 (0.64)

[4.0e6.0]

PO2M 3.53 (0.52)

[3.0e4.0]

E. IMAGE J DATA (SD)

Post-operative LPRP (PO3M)

Bone 87.24 (19.7)

Socket 86.71 (26.2)

a Significant with alpha ¼ 0.05.
(POD1), day two (POD2), and day seven (POD7) were
collected and grouped into control (C) and LPRP groups. A

summary of pain scores obtained is shown in Table 1(A).
There is no difference in pain scores reported between these
two groups. However, the group treated with LPRP

recorded slightly higher pain score throughout the first
seven days.

The size of facial swelling measured at POD1, POD2,

and POD7 were also grouped into control and LPRP
groups. A summary of the size of facial swelling obtained
rs.

p-value

Control

2.0(1.41)

[0e5.0]

0.564

2.0 (1.69)

[0e5.0]

0.788

2.33 (2.19)

[0e7.0]

0.601

2.60 (2.13)

[0e7.0]

1

1.53 (1.76)

[0e4.0]

0.312

1.20 (1.47)

[0e7.0]

0.415

Range] p-value

Control

114.2 (8.0) mm

[103e125 mm]

0.705

117.9 (6.9) mm

[109e130 mm]

0.196

118.1 (5.5) mm

[112e127 mm]

0.263

115.6 (7.9) mm

[104e130 mm]

0.690

D) [Range] p-value

Control

105.0 (6.5) mm

[95e118 mm]

0.871

116.0 (9.3) mm

[103e135 mm]

0.378

114.7 (8.3) mm

[100e135 mm]

0.216

113.4 (9.5) mm

[98e135 mm]

0.225

p-value

Control

5.73 (0.88)

[4.0e7.0]

0.832

4.87 (0.83)

[4.0e6.0]

0.230

4.40 (0.63)

[3.0e5.0]

a<0.001

p-value

Control

94.76 (18.2) 0.287

90.20 (22.1) 0.696
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is shown in Table 1(B&C). No difference in facial swelling
size is reported between the group treated with LPRP

versus the control group. However, the group treated
with LPRP recorded slightly bigger swelling throughout
the study period.

Interincisal mouth opening was assessed during the first
week post-surgery. Mean interincisal baseline was 43.75.
There was a significant reduction of interincisal mouth

opening at POD1 (17.13 mm) and at POD2 (19.8 mm). The
size of mouth opening significantly improved to 27.2 mm at
POD7, as compared to the size at POD1 (p < 0.00).

Soft tissue healing and pocket depth at extraction sockets

Soft tissue healing in both groups at POD7 was rated

using the healing index score, with a score of 3 being
observed for all patients. There was no difference between
control and LPRP-treated sockets. There was no significant
difference in pocket depth between the LPRP-treated group

and the control group throughout the first month of study
(Table 1D). However, by the second month, there was a
statistically significant improvement noted, that is,

reduction in pocket depth in the LPRP-treated group
(3.53 mm versus 4.40 mm), as summarised in Table 1D.

Hard tissue healing

The independent sample t-test showed no significant dif-
ference between the control socket and its surrounding

normal bone (p ¼ 0.542). Similarly, no significant difference
was identified between the extraction socket treated with
LPRP and its surrounding normal bone (p ¼ 0.950). The

derived histogram of control bone and socket are 94.76 (18.2)
and 90.20 (22.1), respectively. In contrast, the derived his-
togram of LPRP treated bone and socket are slightly lower at

87.24 (19.7) and 86.71 (26.2), respectively (Table 1D).
A comparison between the control extraction socket and

the LPRP-treated socket also yielded no significant difference
(Independent t-test; p ¼ 0.287 at bone, p ¼ 0.696 at socket),

suggesting no clinical benefit of repeat application of LPRP.

Discussion

This study investigated whether standardised LPRP prep-

aration in a certified laboratory, which had quantified platelet
count combined with repetition submucosal application, will
accelerate the healing process and help reduce post-operative

sequelae. This effort aimed to standardise our protocol in or-
der to allow clinicians replicate the results in future.

Based on current observations, there is no statistically sig-

nificant effect of LPRP towards the general healing process,
except for the reduction of periodontal pocket depth by the
second month. The reduction in periodontal pocket depth

observed is in agreement with several authors,8,9,16,20,21 which
suggests promising effects of LPRP use for periodontal health
regeneration. This is attributed to the presence of platelet-
derived growth factors (PDGF) and endothelial growth fac-

tors (EGF), which are the main growth factors involved in the
migration, attachment, proliferation, and differentiation of
periodontal progenitor cells28 and the effect of capillary
regeneration.29 Two repetitions of submucosal injection of

LPRP over a period of two months might have helped to
increase/maintain the level of PDGF over the healing
extraction socket. Increased concentrations of these growth

factors is the likely reason for the accelerated soft tissue
wound healing, which is suggested to be at least 2e3 times
faster than normal.5

Currently, no possible explanation exists for the increased
experience of pain (although not statistically significant) in
LPRP-treated patients. Thanasas30 experienced the same
event in patients treated with PRP for chronic lateral

elbow epicondylitis. He hypothesised that the increase of
white blood cells may have caused the intense
inflammation response, thus leading to increased pain

score. In contrast to the current study, Haraji31 had
reported that post-operative pain was significantly less in
sockets treated with PRP, as compared to the control group.

The difference in this finding may be the result of using
different platelet concentrates and anticoagulants in LPRP,
which stimulates local inflammatory responses at different
levels, leading to increased levels of pain.

The increase in swelling was noticeable for the first two
days post-operatively, and at POD7, swellings for the control
and LPRP groups were similar. On the contrary, Rutkow-

ski13 showed that there was significantly less facial oedema
over the site that received PRP. We hypothesised that the
increase in swelling is caused by the same inflammatory

mechanism that contributed to the increase in pain in case
of LPRP use.

Bone production was fundamental to this study; however,

there was no significant improvement. Human and animal
study on PRP echoed the same findings for bone produc-
tion.23,32,33 Butterfield et al.34 reported an animal model study
that showed no increase in histologic total bone, bone

formation rate, or bone density, despite the addition of bone
grafting material. They suggested that the short, five-days
lifespan of platelets was unable to render enough direct influ-

ence on bone formation. However, Rutkowski13 showed an
increase in bone density in PRP-treated socket, suggesting a
greater volume of new bone formation. They reported that the

control side required 16 weeks to reach the same radiographic
density as the PRP-treated socket, which achieved this
improvement in eight weeks. There is no clear evidence for the

lack of bone formation in our study, but thismay be attributed
to the optimal amount and concentration of PRP needed for
significant bone healing. The risk of over saturating the socket
with platelets cannot be ruled out either.

An important limitation of this study is the fact that the
growth factor concentration in each vial was not quantified
via ELISA testing, and the biological activity of available

growth factors was not assessed thoroughly, even though the
platelets were quantified. This shortcoming may clarify the
current inconclusive finding. The small sample sizedcaused

by high LPRP processing costdand an unbalanced gender
ratio are also limitations of this study. Additionally, there
might be a potential recall bias as the clinician performing
the clinical measurement post-surgery is aware of the LPRP

placement site. For future studies, we suggest that the con-
centration of platelet-derived growth factors and the
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biological activity of platelets be assessed prior to usage, and
different clinicians be associated with surgery and clinical

measurements.

Conclusion

In conclusion, the soft tissue healing, measured as the
change of periodontal pocket depth, showed significant
reduction, suggesting the benefit of LPRP for soft tissue
healing. However, the regeneration of bone and reduction of

post-operative sequelae showed no improvement even after
quantification and repeated application of LPRP.
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