Motriz, Rio Claro, v.23, n.4, 2017, e1017100

DOI: http://dx.doi.org/10.1590/S1980-6574201700040010

Original Article (short paper)
Effects of the platelet-rich fibrin associated with
physical exercise in a model of median nerve
compression.

Gladson Ricardo Flor Bertolini!, Camila Mayumi Martin Kakihata!, Ana Luiza Peretti!, Giovanni Ribeiro Bernar-
dino!, Jhenifer Karvat?, José Luis da Concei¢ao Silva!, Rose Meire Costa Brancalhio!, Lucinéia de Fatima Chasko
Ribeiro!

"Universidade Estadual do Oeste do Parand, Unioeste, Cascavel, PR, Brazil; *Univer-
sidade Federal de Santa Catarina, UFSC, Florianopolis, SC, Brazil.

Abstract — Aims: Platelet-Rich Fibrin (PRF) is a new and promising technique for tissue repair, however, there is
still a gap about its action on peripheral nerve injury, as well as its association with physical exercise. Thus, the aim
of this study was to evaluate the effects of the PRF associated with physical exercise in a model of median nerve
compression. Methods: 42 rats, divided into: Control, non-injured limb, and other six groups with nerve lesion
(Control lesion; Treated with PRF; Treadmill walking; Free swimming; PRF and treadmill; PRF and swimming). The
lesion model was performed with median nerve compression. To obtain the PRF, 1.5 mL of blood was centrifuged
and the fibrin clot positioned directly over the compression region. The exercise protocols were performed during 2
weeks. The evaluations performed were grip strength tests and histologic analysis. Results: both, grip strength and
histomorphometric evaluations (fiber numbers and axon density) did not present significant differences between the
treated and lesion groups, however, in the morphological evaluation it was possible to distinguish characteristics of the
repair process for the treated groups. Conclusion: a slight qualitative improvement was observed for the treated groups,

especially when it was associated PRF with free swimming.
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Introduction

Compression of the median nerve can occur at several points
of its path, generating different denominations; as in the pro-
nator syndrome, where there is compression when it passes
between the two heads of the pronator teres muscle or under
the proximal border of the flexor arch of the fingers. Usually
shows pain in the volar portion of the forearm, with paresthesias
radiating to the thumb, 2™ and 3" fingers and radial half of the
4" finger. In anterior interosseous syndrome, which is a motor
branch, patients commonly present with weakness or absence
of thumb flexor longus function, with pain in the forearm along
the nerve'. However, the most common compressive neuropathy
of the upper limb is carpal tunnel syndrome. Such a condition
is responsible for substantial costs to society in terms of lost
productivity and treatment values®. It is a prevalent condition
that affects millions of individuals, causing chronic pain, altered
sensitivity and tenar atrophy?.

Conditions such as pregnancy, hypothyroidism, hemodialysis,
diabetes and inflammatory processes, may generate increased
pressure within the carpal tunnel, consequently the compression
of the median nerve. High incidence has also been observed
in patients with occupations requiring repetitive movements,
especially those with prolonged flexion or extension of the
wrist, strong grip, torque maneuvers, or exposure to vibration*,
including athletes as enduro motorcyclists’.

In those cases the first option is the conservative treat-
ment, are suggested as a forms: splint, local and oral steroid,
therapeutic ultrasound?, low-level laser therapy and carpal bone

mobilizations; exercises and ergonomic changes, although there
are controversies®!°; nor about the use of physical activity, as a
means of reducing symptoms in upper limbs of typists®. Although
indications are that exercise-induced analgesia results from both
increased pain threshold and increased levels of endogenous
opioids in the blood". When conservative treatment is not ef-
ficient, usually the surgical procedure for the release of flexor
retinaculum is used, however, individual characteristics should
be taken into account for a suitable rehabilitation process!2.

By other side platelet concentrates are used in surgeries
or injury sites to stimulate, ameliorate and accelerate tissue
repair in most medical fields, particularly in sports medicine
and orthopedic surgery®, with indications for use in central
nervous lesions'* and peripheral, despite controversies regar-
ding their results'>"'7. A new generation of platelet concentrates
is Platelet-Rich Fibrin (PRF), which has a simple, quick and
inexpensive preparation to produce large amounts of fibrin clots
and membranes in a short time. The technique does not require
anticoagulant or bovine thrombin, only a tabletop centrifuge
and a quick handling, due to blood clotting'>. During PRF
processing, platelets are activated and degranulate massively,
which implies significant release of cytokines'®, pro (IL-1p, IL-6
e TNF-a) and anti-inflammatory (IL-4)'°, worth highlighting
several other factors that may interfere with the nervous repair
process (PDGF-AB, TGF-B1, VEGF, EGF)*.

Since experimental protocols in animals aid in the scientific
advancement, by the homogeneity of lesions, as well as in the
therapeutic ones, and still given the contradictory results of platelet
concentrates, as well as the absence of studies associating their
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use with exercise, such as the low-intensity resistance that is a
commonly used form in different levels of health care, like swim-
ming? and running on a treadmill?2. This study aims to evaluate
if the PRF with the exercise promotes increased strength and
neural recovery after experimental median nerve compression.

Methods

Thirty-six male Wistar rats, mean weight of 363.4 £59.6 g, and
age 12 £ 2 weeks, were used in a 12 h photoperiod, 24 + 1°C,
with water and feed ad libitum, kept in polypropylene boxes with
dimensions of 410 x 340 x 160 mm. The animals were separated
into groups consisting of six animals randomly, into seven groups:

» C — Absolute control, non-injured limb of the animals, being
composed randomly by 1 animal from each group;

» CL — Control lesion, submitted to nerve compression
and untreated;

» NCPRF — Nerve compression and PRF;

» NCTW — Nerve compression and treadmill walking;

» NCFS — Nerve compression and free swimming;

» NCPRF+TW — Nerve compression, PRF and tread-
mill walking;

» NCPRF+FS —Nerve compression, PRF and free swimming.

The research was conducted according to the international
standards of ethics in animal experimentation, and approved
for accomplishment by the Committee of Ethics in Animal Use
of the Universidade Estadual do Oeste do Parana (Unioeste),
under protocol 05612.

Median Nerve Compression Protocol

In order to perform the median nerve compression, the median
nerve was exposed above the elbow joint, after exposure, nerve
compression was performed by a Catgut 4.0 chrome in 4-point,
it was used the mocking model, with a distance of approximately
1 mm, in the region proximal to the right elbow, according
with the model of Chen et al.?!. The animals were anesthetized
with ketamine hydrochloride solution (50 mg/kg) and xylazine
hydrochloride (10 mg/kg) to perform The nerve compression
surgical procedure. nerve compression was always performed
by the same examiner.

Protocol for obtaining PRF

For the preparation of the PRF, 1.5 mL of blood was withdrawn
via cardiac puncture from each animal®®. Immediately after collec-
tion, the sample was placed into eppendorf sterile tubes (without
anticoagulant) for centrifugation, at 3000 rpm, with a force of
approximately 400 G, for 10 minutes. The PRF was removed
from the middle layer of the centrifuged sample, between the
red part (below) and the plasma (above). Then the fibrin clot was
positioned directly over the median nerve, in the compression

region. Both the PRF collection and the placement on the nerve
compression site were performed by the same examiner.

Treadmill Protocol

One of the forms used, as treatment of the animals was the
treadmill (Insight®, Ribeirdo Preto — Brazil), at a speed of 10
m/min, for 10 minutes/day for NCTW and NCPRF+TW 2. And,
similarly to swimming, it was also performed in a period of five
days of training prior to the nerve compression procedure, and
then again from the 3 to the 14" PO. The animals were placed
for 10 minutes on the treadmill at standard speed, aiming to adapt
them to the treadmill, in the five days before the lesion protocol.

Swimming Protocol

Another form of treatment was low intensity swimming, without
overload, that is, the animals were free to perform swimming. In
order to perform the swimming protocol, the animals were placed
ina 200 L water tank with a depth of 60 cm and a water tempera-
ture between 30-32° C. The animals, of NCFS and NCPRF+FS,
started the swimming exercise five days before the surgery (as a
form of training), interrupting shortly after the surgical procedure,
restarting from the 3% to the 14" day after the surgical procedure,
totaling 12 days of therapy. Both during training, when during
the treatment period, the swimming time was 10 minutes/day®?.

Functional Evaluation by the Grip Test

For the evaluation of muscle strength, a rats grip strength gauge
was used (Insight® - Ribeirdo Preto, Brazil), consisting of a
triangular arm coupled to a force transducer. To perform the as-
sessment, the animals were gently secured by the tail and allowed
to grasp on a grid attached to a force transducer. The animal was
drawn by the tail, with increasing firmness, until it lost the grip.
At this moment the maximum force exerted, recorded on the
equipment was evaluated. Use of the left limb was prevented,
temporarily, by wrapping with adhesive tape. In each evalua-
tion the test was repeated three times and the mean value was
used. The evaluations occurred prior to the injury (EV1) and the
beginning of the treatment (3% PO - EV2), in the 7" (EV3) and
15" (one day after the end of the forms of therapy - EV4) PO.

Histomorphometric evaluation

Before decapitation, with the anesthetized animal, it was dis-
sected and removed 1 cm from the median nerve distal to the
compression procedure, fixed in 4% paraformaldehyde in PBS
(pH 7.4) for 48 hours (hrs) and then stored in alcohol 70% until
histological processing. The fragments were post-fixed in 2%
osmium tetroxide in PBS, dehydrated, diaphanized, infiltrated
and embedded in paraffin to obtain cross-sections of the nerve
with a thickness of 5 pm, and stained with hematoxylin and eosin.
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The histological slides were assembled, photomicrographi-
cally with a 100x objective (4 fields), and analyzed with Image
Pro-plus 6.0 program for the following variables: counted the
number of axons per field (14700 um?) and then analyzed the
neuron density (number of neurons per square millimeter). For
analysis of the morphometric data a blind evaluator was used,
in relation to the groups.

Data analysis

The results were expressed and analyzed using descriptive and
inferential statistics. The Shapiro-Wilk test was used and later
ANOVA mixed model was used for comparison of the func-
tional evaluation and unidirectional ANOVA for morphometric
comparison, in both the Tukey post-test was used, in all cases
the level of significance was 5%.

Results
Grip Assessment

Regarding the grip strength, there were significant differences
(F(1,9;65,6) = 62,0; p < 0,001). Being all injury groups, smaller
than control (p <0,01), but not different from each other (p> 0.05),
with EV1 being higher than EV2-EV4 (p < 0.001) (Table 1).

Histomorphometric evaluation

In the comparison of fiber numbers by visual field, a significant
difference was observed between groups (F(6,28) = 1024,
p<0.0001), being that C presented higher values than the other
groups. Result that was repeated when the axons density was
evaluated (F(6,28) = 102,4, p < 0.0001) (table 2).

Table 1. Presentation of the numerical data, on average and standard deviation, of the gripping force (g). The groups (absolute control (C), control
lesion (CL), Nerve compression and PRF (NCPRF), Nerve compression and treadmill walking (NCTW), Nerve compression and free swimming
(NCFS), Nerve compression, PRF and treadmill walking (NCPRF+TW) and Nerve compression, PRF and free swimming (NCPRF+FS)) are pre-
sented in columns and the evaluations (evaluation 1 (EV1), evaluation 2 (EV2), evaluation 3 (EV3) and evaluation 4 (EV4)) in the different lines.

C CL* NCPRF* NCTW* NCFS* NCPRF+TW* NCPRF+FS*
EV1 138,6+27,8 149,3+46,8 135,2+43,1 161,7+58,9 158,5+36,5 148,5+46,1 173,0469,5
148,1+42,5 0+0 0+0 00 13,5433,0 44,3+76,4 9,3+154
EV3* 183,6+75,9 00 00 00 37,3491,4 56,34933 72,8+113,6
174,9+43,6 00 00 00 9.4423,1 49,7+77,1 50,6+76,4

* Significant difference when comparing with group C. # significant difference when comparing with EV1. F(1,9;65,6)=62,0; p<0,001.

Table 2. Histomorphometric evaluation of median nerves, for the different groups, in the variables: total number of morphologically intact axons
(N) and axonal density (D) considering the area of 0.0896 mm?. The groups (absolute control (C), control lesion (CL), Nerve compression and
PRF (NCPRF), Nerve compression and treadmill walking (NCTW), Nerve compression and free swimming (NCFS), Nerve compression, PRF
and treadmill walking (NCPRF+TW) and Nerve compression, PRF and free swimming (NCPRF+FS) are presented in columns.

C CL NCPRF NCTW NCFS NCPRF+TW NCPRF+FS
N 511.8+100.0 13.243.8* 15+3.5% 15.243.0% 25.2+26.9* 24.4+26.8* 26.4+18.8*
D 5712.0+1115.9 147.3+42.8* 167.4+38.7* 169.7+33.8%* 281.3£299.8* 272.3+298.7* 294.7+209.6*

* Significant difference when comparing with group C. F(6,28)=102,4, p<0.0001.

Morphological analysis

The control group (Figures 1A and B) showed a character-
istic morphology of peripheral nervous tissue, with intact
nerve fibers with marked myelin and axon sheath, presence
of Schwann cells and connective envelopes (endoneurium,
perineurium and epineurium) intact. While the lesion group
(Figure 1C) was different, with signs of alteration in the nerve
fiber, identified by the presence of a large amount of empty
spaces delimited by the endoneurium and many cell nuclei,
possibly Schwann cells and inflammatory cells. In addition to
hypercellularity, there was an increase in the number of blood
vessels (not shown). In the lesion + fibrin group (figure 1D),
it maintained the morphological characteristics of the nerve
found in the lesion group.
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The two groups that only performed physical exercise, the
treadmill group (figure 1E) and swimming (figure 1F), also
showed signs of alterations in the nervous fiber, with apparent
hypercellularity, however, with fewer empty spaces when com-
pared with the injury group; In addition, these groups had few
fibers in regeneration in the periphery, being these, specifically
in the treadmill group, with smaller diameter when compared
to the control.

When associating the exercises with fibrin, the treadmill + fibrin
group (figure 1G), although it presented some regenerated fibers,
these were in smaller quantity with greater presence of cellular
nuclei. While an improvement in tissue appearance was evident
in the swimming + fibrin group (figure 1H), because despite the
signs of hypercellularity and nerve damage, the group presented a
higher number of regenerated fibers in the periphery of the nerve.
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Figure 1: Photomicrographs of median nerves of Wistar rats, cross section, Hematoxylin and Eosin staining. In A, Control group and B in greater
increase, with intact peripheral nerve fibers (arrow) and cellular nuclei (NC). C, Injury group, with presence of empty spaces delimited by endo-
neurium (leaked arrow) and hypercellularity (NC). In D, Injury + Fibrin group, showing the same characteristics of empty spaces (arrow cast)
and increase of cellular nuclei (NC) and some fibers in regeneration in the periphery (*). E, treadmill group, with presence of voids (arrow cast),
also evidenced in the group Swimming (F). In G, treadmill + Fibrin group also denoting the previous aspects, with high number of cellular nuclei
(NC). H, group Swimming + Fibrin, but with its peripheral fibers having larger diameter and quantity of regenerated fibers (*).
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Discussion

Platelets are sources of cytokines and growth factors, with
important functions in the tissue repair process. Thus, some
platelet concentrates have been used in order to reduce pain,
functional recovery and antibacterial activity. However, since
the available information is still preliminary with respect to
doses, half-life and interference from other resources, more
research is generally required to establish therapeutic efficacy?.
Similarly the physical exercise also presents controversies and
there is ignorance with respect to the intensity and correlations
with factors important for the tissue repair®. Thus the present
study aimed to evaluate the association of the PRF with physical
exercise in animals submitted to median nerve compression.

Axonal regeneration does not always allow adequate func-
tional recovery, resulting in changes in normal motor control and
fine sensitivity?, thus, studies that seek alternatives to improve
quality and accelerate rehabilitation are important. For the pro-
duction of median nerve compression, the model presented by
Chen et al.?!, which was based on the Bennett and Xie model?’,
performing a catgut 4.0 chromed wire at 4 points, with an ap-
proximate distance of 1 mm, in the median nerve, in the proximal
region to the right elbow. The aforementioned authors observed
that the model generates, in the animal, painful symptoms and
decreased motor function, but without producing self-mutilation,
only limb protection, which begins around the 3™ day. Thus, the
beginning of the exercise protocols respected the 37 PO, as a
milestone for the beginning of rehabilitation treatment.

For the PRF preparation, 1.5 ml of blood were removed
from each animal, as according to Ehrenfest, Lemo, Jimbo,
Sammartino®®, not more than 10% of the total animal blood
volume should be exceeded, requiring about 2 weeks for re-
placement, since for rats of approximately 250g there is about
16 ml, ie 1.5 ml is a safe volume. For the PRF production the
use of anticoagulants and blood activators is not required, only
requiring centrifugation to separate the components of the blood
and to discard the elements considered useless (mainly the red
cells) and to obtain and concentrate the elements that can be use-
ful for applications (fibrinogen/fibrin, platelets, growth factors,
leukocytes and other forms of circulating cells in plasma)'>%.

After blood withdrawal the sample was placed into sterile
tubes to centrifuge at 3000 rpm with approximately 400 G, for
10 minutes. This fact may have influenced in the results, since
according to Eren, Giirkan, Atmaca, Donmez, Atilla* centrifuge
for 12 minutes has higher VEGF levels than only 10 minutes.
The PRF was removed from the middle layer of the centrifuged
sample, between the red part (below) and the plasma (above),
which is in agreement with the findings of Nishimoto et al.>!
about higher concentrations of mononuclear cells, platelets and
growth factors in the yellow-red interface area. However, the
isolated effect of PRF was not observed in the functional or
morphological evaluation. According to Fioravanti, Frustaci,
Armellin, Condo, Arcuri, Cerroni*? the products derived from
plasma, are safe and deliver several growth factors for soft tissue
repair, but there is a wide range of clinical results.

Lichtenfels, Colomé, Sebben, Braga-Silva** who also using
Wistar rats performed a 5 mm excision of the sciatic nerve and
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used as a bridge a 12 mm silicone conduit filled with FPR, report
that there was no functional improvement (sciatic functional in-
dex) without evolution in histomorphometric parameters. Senses
et al.>* used FPR in a section and suture model, or removal of a
5 mm fragment, observed that there was less morphometric and
functional recovery with the use of PRF. Although there are studies
with the use of platelet-rich fibrin in the treatment of peripheral
nerve injury, such as those cited above, but there is a gap with
regard to its association with physical exercise such as swimming
and running on treadmills experienced in the present study.

Physical exercise, although there are controversies about its
use in peripheral nerve injuries, presents itself as an instrument
widely used in the rehabilitation process®. The study by Arbat-
Plana, Torres-Espin, Navarro, Udina®*® showed that running on
a treadmill reduced the destruction of perineuronal nets after
experimental injury in ischiatic rats; the changes were propor-
tional to the intensity of exercise protocol, with the lightest
form occurring at a speed of 10 cm/s, in two daily series of 30
minutes, with a 10 minute interval, for 5 days; that is, a protocol
that was much more aggressive than that used in the present
study, in which it was used about 16.7 cm/s for 10 minutes.
Asensio-Pinilla, Udina, Jaramillo, Navarro*’ observed that the
association of treadmill walking, 5 m/min in two 30-minute
series, with electrostimulation had cumulative effect and the
isolated modalities in the initial recovery were superior. Using
a 4-series protocol of 20 m/min for 2 minutes, intervals for 5
minutes, along 2 weeks, Brandt et al.’® observed that exercise,
even performed after about 3 weeks of injury/repair, showed a
greater recovery of the motoneurons and reinnervation of the
muscle fibers compared to control, however they report doubts
about the sensory reinnervation.

Cobianchi, Casals-Diaz, Jaramillo, Navarro*® performed an
electrostimulation, then the sciatic nerve section of rats, and
from the 3" day after the injury, started running on a treadmill,
with increasing intensities from 10 cm/s, for 1 hour, to 5 days.
They observed that the electrical stimulation produced an in-
crease in the levels of BDNF, NGF, GDNF and NT-3 mRNA,
whereas on treadmill walking there was a reduction in the levels
of neurotrophins, but, associating the early electrostimulation,
there was reduction of the pain with acceleration in the sensory
and motor recovery. Similarly, in the present study, immediate
intraoperative therapy (PRF) and two forms of postoperative
treatment (treadmill and swimming) were used, but in a different
way from that reported above. No functional change was seen
in treated groups, only initial grip recovery was observed in 2
animals from each of the groups in which physical exercise was
associated with PRF, but without statistical differences; how-
ever, for the mean percentage values compared to the baseline
values within the same group, it was possible to observe that
in the second evaluation, there was abolition of the values for
the injury control and for the treatments with PRF and running
on mat, for the swimming group the initial reduction was 91%,
70% for PRF + TW, and 94% for PRF + FS. These results may
have occurred due to the training that occurred prior to the
injury procedure in these groups. At the end of the experiment
the reductions were 94% for the swimming group, 66% for the
PRF + TW, and 70% for the PRF + FS, indicating that even
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non-significant there were slight returns of the grip strength for
these groups. Although not significant, there were different mean
values between the absolute control and the others, especially
for the group in which treatment with PRF and swimming was
associated, which although not evaluated, may indicate a pre-
dominance of non-dominant limbs (since the absolute control
group was used as the left limb of the other groups) or animal
stress because it had already performed the evaluation in the
contralateral limb.

There were also no significant differences in morphometric
evaluations, however, for the number of intact cells, it can be
observed that when comparing with the injury control, there were
increases in mean percentages of 13% for PRF, 15% for treadmill
running, 90% for swimming group, 85% for PRF association
group and running, and still 100% for the PRF association and
swimming group. however, small qualitative morphological
alterations, representative of tissue recovery, were observed for
the treated groups. To the PRF group, there were characteristics
of inflammatory process with macrophages and giant cells pres-
ence. In the groups in which physical exercise was performed,
some fibers presented regeneration characteristics, with appar-
ent hypercellularity, however, with fewer empty spaces when
compared with the injury group. To the group PRF+SF there
were more nerve fibers with well-defined sheath and axon.

Teodori et al.*’ evaluated free swimming for 30 minutes daily,
in two weeks, performed from the first day or after 14 days of
injury, as a treatment for sciatic nerve compressive injury in rats,
a lesion similar to the one performed in the present study. They
observed that both protocols were efficient for both functional
and histomorphometric recovery. In the present study, the swim-
ming protocol was also free, but with less exercise time, and
although it did not show significant differences in the functional
and morphometric data, the histological findings also pointed to
recovery, especially when swimming was preceded by treatment
with PRF. It is highlighted as limitations that morphometric
variables such as axon and nerve fiber diameters, however,
due to tissue destruction, were not possible to be performed, in
addition the absence of evaluation of neurotrophic factors that
may have been stimulated with the forms of therapeutics used.
Thus, it is suggested that future studies explore longer exercise
times associated with the use of PRF and also perform analyzes
of neurotrophic factors, because the association of PRF with
exercises is still an unexplored subject with respect to recovery
in cases of peripheral nerve injury.

Conclusion

The isolated or associated use of the PRF with physical ex-
ercises did not produce statistical quantitative functional or
morphometric changes in the median nerve compression model,
however, in the morphological evaluation it was possible to
distinguish defined characteristics of the repair process for the
treated groups, it means a slight qualitative improvement, and
the association of PRF with free swimming presented more
advanced tissue recovery, but PRF with treadmill running also
presented indications for functional recovery of grip strength.
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