
The International Journal of Oral & Maxillofacial Implants 275

 ©2020 by Quintessence Publishing Co Inc.

Platelets are anuclear, discoid-shaped cell frag-
ments that are important in managing vascu-

lar integrity and regulating hemostasis. Stimulated 
platelets undergo structural changes by increasing 
their surface area and rapidly secreting bioactive 
molecules such as platelet-derived growth factor, 
vascular endothelial growth factor, transforming 
growth factor, insulin-like growth factor from alpha, 
and dense granules that are essential for wound 
healing, repair, and regeneration.1 The extraction 
of these molecules from blood for enhanced heal-
ing took its initiative from fibrin glue, which has 
established its advantages in various fields of medi-
cine.2 Autologous platelet concentrates have since 
evolved in numerous forms with varying nomen-
clature, but up to now, the classification given by 
Dohan Ehrenfest et al has been widely accepted.3
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Purpose: Platelet concentrates are used for regenerative periodontal and implant therapy. Up to now, 

no study has reported the influence of smoking on platelet-rich fibrin membranes. Hence, this cross-

sectional in vitro study aimed to analyze the influence of cigarette smoking on platelet morphology and 

fiber characteristics of both leukocyte- and platelet-rich fibrin and advanced platelet-rich fibrin membranes. 

Materials and Methods: Sixty blood samples from both smokers (n = 34) and nonsmokers (n = 26) based 

on power analysis were collected and subjected for complete blood count and platelet morphology indices 

(mean platelet volume, platelet distribution width, platelet–large cell ratio, and plateletcrit). Leukocyte- and 

platelet-rich fibrin membrane (2,700 revolutions per minute for 12 minutes) and advanced platelet-rich fibrin 

membrane (1,500 revolutions per minute for 14 minutes) were prepared using a standard protocol. Thirty-

two platelet-rich fibrin membranes from 16 individuals were selected randomly from the two groups and were 

subjected to morphologic examination using a scanning electron microscope. Results: Both of the groups 

were matched for age. Red cell counts and white cell counts showed no statistical difference between the 

groups. Platelet indices of smokers did show slightly higher values than the nonsmoking group. Scanning 

electron microscopic analysis showed variations in the fiber width and pattern among smokers in both the 

leukocyte- and platelet-rich fibrin and advanced platelet-rich fibrin membranes. Platelet cell morphology of 

the smoking group demonstrated spiky architecture, suggesting an active state, while in the nonsmoking 

group, the platelet cells were seen in clusters, suggesting a resting state. Conclusion: Scanning electron 

microscopic results show that long-term cigarette smoking does affect the thickness and arrangement of 

fiber architecture in both leukocyte- and platelet-rich fibrin and advanced platelet-rich fibrin membranes and 

also could have an impact on activation of platelets. Int J Oral MaxIllOfac IMplants 2020;35:275–280. 
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Platelet-rich fibrin was introduced with the aim 
of enhancing the healing capacity of a natural blood 
clot by supplementing the natural blood clot with 
increased platelet concentrations. Platelet-rich fibrin 
blood clot contains platelet concentrations (> 97%) 
that are high enough to hasten soft and hard tissue 
healing.4 Evolution of platelet-rich fibrin is ongo-
ing, with changes in the speed and time of the cen-
trifugation, and newer platelet-rich fibrin, such as 
advanced platelet-rich fibrin and injectable platelet-
rich fibrin, have been introduced that claim various 
benefits.5 Regular platelet-rich fibrin has been re-
named as leukocyte- and platelet-rich fibrin because 
of its leukocyte content. Leukocyte- and platelet-rich 
fibrin has significantly increased in the release of au-
tologous growth factors, particularly platelet-derived 
growth factor-AB, transforming growth factor β, and 
vascular endothelial growth factor, cytokine, and heal-
ing proteins for more than 7 days in vitro, while other 
platelet concentrates dissolve in 3 days.5,6 Advanced 
platelet-rich fibrin and advanced platelet-rich fibrin + 
that are obtained at a centrifugation speed of 1,500 
revolutions per minute for 14 minutes and 1,300 rev-
olutions per minute for 8 minutes, respectively,7 are 
said to have excessive growth factor expression com-
pared with leukocyte- and platelet-rich fibrin,8 owing 
to the fibrin matrix and number of cells entrapped. It 
has been shown that the fibrin architecture influences 
the properties of platelet-rich fibrin and certain factors 
such as age, smoking, and genetic makeup do have an 
impact on the fibrin meshwork.9

Smoking is a major health hazard that particularly 
impacts the physiology of coagulation and is also found 
to have direct effects on platelet function. The toxins of 
cigarette smoke liberate excessive reactive oxygen spe-
cies and inflammatory oxidants that increase platelet 
activation, aggregation, and in turn thrombin stimula-
tion and fibrin formation.10 This alteration in platelet 
activity has also been confirmed by previous research-
ers using aggregation tests11,12 and platelet morphol-
ogy indices (mean platelet volume, platelet distribution 
width, platelet–large cell ratio).13,14 The change in mor-
phology of platelets at its ultrastructural level15 and 
typical netted, thick fibrin fiber due to smoking has 
been confirmed using scanning electron microscopy.15 
Based on the aforementioned facts, it can be postulat-
ed that cigarette smoking could affect both leukocyte- 
and platelet-rich fibrin and advanced platelet-rich fibrin 
membrane characteristics. However, until now, no 
study has explored this. The use of both leukocyte and 
platelet-rich fibrin and advanced platelet-rich fibrin is 
common now in both dental and medical fields, owing 
to excellent immune compatibility and low cost. This 
cross-sectional in vitro scanning electron microscopic 
analysis aimed to compare the platelet morphology and 

fiber characteristics of both leukocyte- and platelet-rich 
fibrin and advanced platelet-rich fibrin membranes in 
smokers and nonsmokers.

MATERIALS AND METHODS

The ethical clearance was obtained from the institu-
tional ethical committee (Research Ethics Committee, 
Bangalore Institute of Dental Sciences and Postgrad-
uate Research Center). The source of the subjects 
enrolled for the study was individuals visiting the out-
patient department of the Bangalore Institute of Den-
tal Sciences and Postgraduate Research Center. The 
demographic data were recorded. Exclusion criteria for 
both of the groups included individuals with the pres-
ence of any systemic or debilitating diseases affecting 
platelet count or activity, pregnant or lactating wom-
en, individuals with a recent history or presence of any 
acute or chronic infections, and individuals with a his-
tory of any drug intake having an impact on platelets. 

Blood Sample Collection 
A fresh 2 mL of venous blood from each individual was 
obtained by a blood collection set with 21 gauze but-
terfly needles and preattached holder; the larger and 
fuller median cubital vein was used most frequently. The 
samples thus obtained were transferred into an ethyl-
enediaminetetraacetic acid (EDTA)–coated vacutainer 
for analysis of blood parameters. Sysmex hematologic 
analyzer (TOA Medical Electronics) in the laboratory 
was used for assessing the complete blood count, mean 
platelet volume, platelet distribution width, platelet–
large cell ratio, and plateletcrit (platelet morphology in-
dices). The blood samples for the smoking group were 
taken at least 2 hours after the last cigarette.

Preparation of Leukocyte- and Platelet-Rich 
Fibrin and Advanced Platelet-Rich Fibrin 
Membranes
Thirty-two platelet-rich fibrin membranes were pre-
pared from 16 individuals who were randomly selected 
by toss of coin from both of the groups; 10 mL of blood 
obtained from the volunteers was collected into two 
uncoated vacutainers (Glass vacutainers, Becton, Dick-
inson and Company) each containing 5 mL of blood 
for the leukocyte- and platelet-rich fibrin and advanced 
platelet-rich fibrin membrane preparation. The blood 
was centrifuged using a swing rotor centrifuge (Remi 
R-8c), to balance the centrifuge; similar vacutainers filled 
with water and matched for weight were also placed ex-
actly opposite to the blood vacutainers. Centrifugation 
was set at 2,700 revolutions per minute for 12 minutes 
for the leukocyte- and platelet-rich fibrin membranes, 
and for the advanced platelet-rich fibrin membrane, 
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it was performed at 1,500 revolutions per minute for 
14 minutes. After centrifugation, platelet-poor plasma 
forming the first fraction was discarded, and the second 
fraction was the platelet-rich fibrin clot that was sepa-
rated from the third fraction, which was rich in red blood 
cells, by a sterile scissor. The platelet-rich fibrin clots ob-
tained were gently compressed, and supernatant fluid 
was drained using a platelet-rich fibrin box (Accelerated 
Dental, LLC 503.319.9835) to obtain platelet-rich fibrin 
membranes. A total of 16 leukocyte- and platelet-rich 
fibrin and 16 advanced platelet-rich fibrin membranes 
were thus obtained from both of the groups.

Preparation of Platelet-Rich Fibrin Membranes 
for Scanning Electron Microscopic Analysis 
The derived platelet-rich fibrin membranes were fixed 
in 2.5% glutaraldehyde and were desiccated using a 
series of ethanol and water mixture and air dried. The 
desiccated samples were then sputtered with 10 nm 
of gold using Quorum Q150 RE. The membranes were 
then observed at magnifications of 20,000× for the fibrin 
architecture and 10,000× for studying the platelet mor-
phology using a scanning electron microscope (Zeiss 
Gemini Ultra-55) at an accelerating voltage of 5 KV.

Statistical Analysis
A power analysis was established by G*power, version 
3.0.1 (Franz Faul Universitat). A sample size of 40 (20 
per group) would yield 80% power to detect signifi-
cant differences, with an effect size of 0.92 and signifi-
cance level at .05. All the recorded parameters were 
statistically analyzed using SPSS (Statistical Package 
for Social Sciences) version 20 (IBM SPSS statistics, IBM, 
released 2011). Descriptive analyses including mean 

and standard deviation were found for each param-
eter in all the groups. Comparison for blood param-
eters between the smoking and nonsmoking groups 
was performed using the Mann-Whitney U test since 
the data obtained did not follow a normal distribution 
(nonparametric) as shown by the Shapiro-Wilk test. 

RESULTS

One hundred thirty individuals between the ages of 
32 and 42 years with no previous thrombotic events 
or use of anticlotting medication were screened, out of 
which 40 individuals with positive cigarette smoking 
of 10 years showing moderate nicotine dependency 
on the Fagerstorm test scores were considered for the 
study. Two of the individuals showed an attempt for to-
bacco cessation, and three refrained from participation 
in the study; hence, a total of 35 smokers who met the 
inclusion and exclusion criteria were recruited for the 
study (smoking group). Twenty-six individuals with no 
previous/current history of cigarette smoking or usage 
of any other form of tobacco were considered as the 
control group (nonsmoking group). The mean values 
for age among the smoking and nonsmoking groups 
were 32.25 ± 0.5 and 31.75 ± 1.25 years, respectively, 
with a P value of .61 showing no statistically signifi-
cant difference between the groups (Table 1). No sta-
tistically significant difference was observed between 
the groups with respect to the blood parameters such 
as red blood cell count, white blood cell count, and 
platelet count. A comparison of platelet morphol-
ogy indices between the smoking and nonsmoking 
groups for platelet distribution width, mean platelet 

Table 1  Comparison of Blood Parameters Among Nonsmokers and Smokers 

Groups Mean SD Mean difference U value P value

Age Smoking 
Nonsmoking

32.25
31.75

.500
1.258

0.5 6.5 .61

RBC Smoking
Nonsmoking

5.50
5.25

.577

.500
0.25 6.0 .49

WBC Smoking
Nonsmoking

7.50
6.00

1.291
0.816

1.5 2.5 .10

Platelet Smoking
Nonsmoking

345.50
323.0

128.358
67.764

22.5 7 .77

PDW Smoking
Nonsmoking

12.00
10.75

1.414
1.500

1.25 3.5 .17

MPV Smoking
Nonsmoking

10.25
9.00

0.957
1.155

1.25 3 .13

P-LCR (%) Smoking
Nonsmoking

26.05
18.27

5.60
7.53

7.77 3 .14

PCT (%) Smoking
Nonsmoking

0.350
0.295

0.12
0.03

0.05 6 .56

RBC = red blood cell; WBC = white blood cell; PDW = platelet distribution width; MPV = mean platelet volume; P-LCR = platelet–large cell ratio; 
PCT = plateletcrit.

© 2020 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



278 Volume 35, Number 2, 2020

Srirangarajan et al

volume, platelet–large cell ratio, and plateletcrit using 
the Mann-Whitney U test showed higher mean values 
for all the aforementioned platelet parameters in the 
smoking group than the nonsmoking group. This dif-
ference was, however, not statistically significant.

Scanning Electron Microscopic Results
An independent calibrated observer who was blinded 
to the study protocol measured the fiber diameter at 
or nearest each of the 20 coordinates, and the average 
was taken. Measurement was done in only those fibers 
with clear margins. When viewed under 20,000× mag-
nification for the fiber architecture, the leukocyte- and 
platelet-rich fibrin from control subjects demonstrated 
closely arranged fibers with smaller voids and visible 
distinctive fibrin borders, while the smoking group 
showed intertwined fibers with large voids lacking dis-
tinctive borders among fibers that give a sticky appear-
ance. The width of the fibers was measured at three 
discrete regions and showed that the smoking group 
(163.8, 183.5, and 138.2 nm) had thinner fibers than the 
nonsmoking group (155.7, 171.6, and 155.2 nm).

For the advanced platelet-rich fibrin under the same 
magnification, the nonsmoking group demonstrated 
closely arranged fibers with distinct borders and no visible 
voids. A small cluster of spherical cells that appeared in the 
right corner represents platelets in the resting stage, while 
in the smoking group, there were short and thick fibers, 
which appeared closely arranged with no voids, and the 
cell with a spiky appearance represents platelets in the ac-
tivation stage. The width of the fibers was measured similar 
to the leukocyte- and platelet-rich fibrin group, but they 
showed an increase in width in the smoking group (380.3, 
556.7, and 618.2 nm) compared with the nonsmoking 
group (199.2, 238.5, and 260.8 nm), contrary to that seen in 
the leukocyte- and platelet-rich fibrin group. At a magnifi-
cation of 10,000× for the cell morphology, it was noticed in 
both the leukocyte- and platelet-rich fibrin and advanced 
platelet-rich fibrin smoking groups that the platelet cells 
demonstrated spiky architecture, suggesting an active 
state, while in the nonsmoking group, the platelet cells 
were seen in clusters, suggesting a resting state.

DISCUSSION 

Cigarette smoking is documented to have an effect on 
platelet form and function, clotting mechanism, and 
wound healing. With the increasing usage of platelet 
concentrates such as leukocyte- and platelet-rich fi-
brin and advanced platelet-rich fibrin in regenerative 
periodontal and implant procedures, the question 
arises as to whether smoking induces any change in 
the morphologic, mechanical, and biologic properties 
of the membranes obtained from the blood drawn 

from smokers. Scarcity of published data in this area 
led to this novel research, which was carried out as 
a cross-sectional preliminary in vitro analysis on the 
morphologic characteristics of two commonly used 
leukocyte- and platelet-rich fibrin and advanced 
platelet-rich fibrin membranes.  

The literature reporting on the effects of smoking on 
platelet count and sex variations is conflicting in nature; 
while some (Brummitt and Barker)16 found no correla-
tion, others such as Dotevall et al17 noted changes in 
the platelet count. Despite this controversy, it has been 
well observed that smokers are at risk of thromboem-
bolic diseases due to enhanced platelet aggregation, 
which clearly depicts the effect of smoking on platelet 
activation.18,19 Earlier studies confirmed platelet activa-
tion in smokers by morphologic indices such as mean 
platelet volume, platelet distribution width, plateletcrit 
and platelet–large cell ratio, platelet aggregation, and 
platelet-induced thrombin secretion,13,20 of which mean 
platelet volume and platelet distribution width are more 
commonly evaluated. As much data have not been 
compiled on platelet–large cell ratio and plateletcrit, 
although these parameters are found to be valuable. 
Hence, in this study, platelet parameters such as platelet 
distribution width, mean platelet volume, platelet–large 
cell ratio, and plateletcrit were analyzed first, which can 
to some extent predict the activation of platelets. The re-
sults of this study showed no statistical difference with 
respect to age between the two groups (P = .61). The age 
group and sex inclusion was selected, keeping in mind 
the fact that platelet activity is stable in middle-aged 
individuals and is not sex-biased.21 The mean values of 
platelet volume, platelet distribution width, plateletcrit, 
and platelet–large cell ratio in the present study ap-
peared to be profound in smokers compared with non-
smokers, though the Mann-Whitney U test results failed 
to show any statistically significant difference (P = .13, 
.17, .14, .56, respectively) between the groups. The nega-
tive statistical significance despite the increase in val-
ues in smokers could be due to lower sample size, and 
even though duration of smoking was standardized, the 
number of cigarettes per day could not be standardized, 
as some had variable numbers and others hid the actual 
numbers they smoked. 

Mean platelet volume and platelet distribution 
width are the indicators of platelet activation.22 The 
size of the platelet is correlated with the activity and 
the function of the platelet. Larger platelets are more 
active than the smaller ones. Platelet distribution 
width and mean platelet volume are markers of dif-
ferences in the platelet size, which can also indicate 
active platelet release.23 Mean platelet volume values 
are more useful since they do not change with age and 
have been shown to reverse with smoking cessation.24 
In this study, these values in smokers are seen to be 
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above the normal range. Platelet–larger cell ratio is an 
indication of circulating larger platelets, which are pre-
sented as percentages, and the results of the present 
study have shown the platelet–larger cell ratio value to 
also be higher among smokers. Thus, to summarize, the 
smoking group did show an increase in mean platelet 
volume, platelet distribution width, and platelet–large 
cell ratio compared with the nonsmoking group.

Smoking has been shown to affect clot morphol-
ogy and change in fibrin network, and since there is 
a scarcity of studies relating smoking to platelet-rich 
fibrin membranes, the authors of the present study 
decided on scanning electron microscopic analysis 
of both the leukocyte- and platelet-rich fibrin and ad-
vanced platelet-rich fibrin membranes obtained from 
the same individuals whose data was reported for the 

platelet indices. Generally, it could be said based on 
the present scanning electron microscopic analysis 
that the membranes (leukocyte- and platelet-rich fi-
brin and advanced platelet-rich fibrin) obtained from 
smokers did show a variation in the structure of the 
fibrin network, as the margins of the meshwork were 
unclear, giving a matted appearance compared with 
the nonsmokers in whom the margins of the fiber were 
well defined (Figs 1a, 1b, 2a, and 2b). Along with this, it 
was also noted that there were more resting platelets 
in nonsmokers and a more activated platelet struc-
ture in the smoking group (Figs 3a, 3b, 4a, and 4b). 
The aforementioned findings could possibly influence 
the release of growth factor and the strength of the 
membrane. The pathophysiology behind this could 
possibly relate to the studies showing the influence of 

a b

Fig 1a  Fibrin architecture in nonsmok-
er’s leukocyte- and platelet-rich fibrin 
membrane.

Fig 1b  Fibrin architecture in smoker’s leu-
kocyte- and platelet-rich fibrin membrane.

a b

Fig 2a  Fibrin architecture in nonsmoker’s 
advanced platelet-rich fibrin membrane.

Fig 2b  Fibrin architecture in smoker’s ad-
vanced platelet-rich fibrin membrane.

a b

Fig 3a  Platelet morphology in nonsmok-
er’s leukocyte- and platelet-rich fibrin 
membrane.

Fig 3b  Platelet morphology in smok-
er’s leukocyte- and platelet-rich fibrin 
membrane.

a b

Fig 4a  Platelet morphology in non-
smoker’s advanced platelet-rich fibrin 
membrane.

Fig 4b  Platelet morphology in smoker’s 
advanced platelet-rich fibrin membrane.
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smoking on the coagulation fibrinolysis cascade,25–27 
by acting primarily on the endothelium of the blood 
vessel. Platelets, fibrinogen, and fibrin in the presence 
of thrombin forms plaque, which is why smokers have 
irregular margins, giving an appearance of sticky fi-
brin phenomena.28 The strength of this study would 
be its novelty of reporting changes influenced by 
cigarette smoking on fiber morphology of leukocyte- 
and platelet-rich fibrin and advanced platelet-rich 
fibrin membranes. Complete characterization of the 
leukocyte- and platelet-rich fibrin and advanced plate-
let-rich fibrin membranes in smokers involving both 
mechanical and biologic properties would be the next 
phase of this research, and it would also be interesting 
to see how these microscopic differences of the pro-
cessed clot affect clinical treatment outcomes in the 
field of regenerative periodontal and implant therapy. 

A limitation of this study would be its cross-sectional 
study design, where although a structured format for 
assessing smoking status was followed, information 
gathered may be affected by certain bias that cannot 
be completely eliminated, and although subjects with 
inflammatory conditions such as hypertension and 
chronic periodontitis were excluded, it would have been 
better if the inflammatory status of the individuals could 
have been confirmed using specific markers, as they 
have been shown to influence the fiber architecture.

CONCLUSIONS 

The results of this study state that cigarette smoke 
exposure does have a considerable influence on the 
platelet size, platelet activation, and fiber morphology 
of the leukocyte- and platelet-rich fibrin and advanced 
platelet-rich fibrin membranes. 
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