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Abstract

SFI, the sciatic function index, has been applied as an evaluation method in walking analysis over a long
period. It is a method that addresses the functionality of nerves using footprints during walking analysis.
Other techniques developed previously make use of one-color ink. The method has difficulties in
interpretation due to footprints mingled among the mice specimen's four legs. There exists a possibility of
the rats not walking straight, and this leads to overlapping, and the result is complicated measurements.
SFI, as a method, entails the application of a mathematical formula that is special. Researchers have
questioned this method since it is affected by muscles' contraction, automatic mutilation, and rat motion
speed. During this study, the idea is to use four different colors, allowing easier and faster interpretation
of the footprints results. Moreover, the study will also modify tools based on the already existing
available tools in pre-existing literature. The modified tool gives a measurement of print leg denoted as
PL, toe spread TS, and inter- toe spread IT’S, all belonging to the SFI component. The tool's validity and
reliability are essential when applied in the measurement of components used in the functional analysis
of nerves. Confirmation from the study is that results from SFI and TOA (toe out of angle) all describe
footprint. Toe out of angle is an essential measurement in the walking analysis as it has an impact on
the alteration of abduction-adduction as well as the internal-external navigation of the hind legs. The
study will help develop a method that assesses nerves' functional analysis using the sciatic functional
analysis and total out of angle spread. The angle at the intersection point of the print length and the toe
spread.
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Introduction

research, the study did not apply more strict
criteria in diagnosing sciatica [35].

One of the most re-known and peripheral
injuries of the nerves is suffered by 3-10 % of
patients [1]. Periphery injury of the nerves is
the leading cause of disability in young male
adults in society. Injury of the nerves takes a
long for patient care and is propelled by
several underlying factors. The sciatica
epidemiology definition has seen itself lack of

When extensive research was conducted in
Finland, it was found that there existed 5.3 %
prevalence in males and a value of 3.7 % in
women [3]. Sciatica contributes to less than
5% of cases of lower back pains suggesting

clarification in the epidemic’s literature. For
example, in the United Kingdom, sciatica's
prevalence is 3.1 % in males and 1.3 % in the
opposite gender [2]. Like in the most common

©2009-2020, JGPT. All Rights Reserved

primary care. Several research types have
shown that many cases can be healed
spontaneously, with about 30 % of the total
patients experiencing severe symptoms in the
first year [1]. More chronic cases of sciatica
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make it less responsive to any treatment. The
importance of this study is mainly to assess
the clinical progress related to nerve injury.

Animal specimens are used to determine the
functional indexes of nerves, and the
instruments used are footprints obtained
from rats in motion [4]. In general, rats'
footprints are hard to perform an analysis,
and hence the rats are allowed to walk under
restriction. Basic motion in rats’ hind limbs
includes abduction, extension, rotation,
flexion, and adduction.

These motions are under the body posture
influence when walking either in a straight
or zigzag motion [5]. Toe out of angle TOA 1is
an explanation of the biomechanical effects of
the stance phase, usually the external
revolving motion in the rat's walking mode
[6]. The changes in the toe out of angle
usually occur since the lateral and the medial
parts of the rat's paw innervated by tibial
and fibular types of nerves are divided from
the sciatic nerve, and they can be easily
influenced in the case of an injury [7].

The study incorporates a fundamental
assumption that is a developed parameter
that 1s consistent and bares a positive
relationship with the other parameters.
Based on this, the study considers an extra
parameter, which is the angle formed when
two lines form an intersection. These lines
exist between the heel plus the third toe and
between the thumb plus the little toe. Angles
formed can provide the impacts of abduction-
adduction motions, the external-internal
rotation of the hind limb’s rats, and the
possibility of a direct proportionality to other
functional parameters [8].

Materials and Methods
Rat Specimen

It is established that 36 and 12 weeks old
male rats weighing 250-300 grams were
randomly identified and assigned into two
groups [9]. These two groups comprised a
control group n=6 and an experimental group
that was subject to surgery [12]. Out of the
experimental group, six rats were collected
randomly during the first to the sixth week,
excluding the fifth after the surgery. These
further created subgroups, namely 1w, 2w,
3w, 4w, and 6w. These were further used for
the footprint analysis and evaluation of SFI
[10].
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Examination using Growth Associated
Protein GAP-43

Frozen tissues are harvested while still fresh
from the rats, thoroughly cleaned and later
immersed in cold PBS [11]. A suture is tied
around the distal end to facilitate orientation
and fast embedded in the appropriate
medium, frozen and ready for sectioning.
Paraffin embedded tissues in holding
cassettes will be immersed in paraffin during
the processing final stage. Application of the
paraffin embedder with a cold plate ensures
that the embedder is heated first almost 3
degrees the melting point of wax [12].

All the pellets of paraffin are in liquefied
form while the cold plate is being chilled first.
A test to the embedding block is done to
ensure that the machine is fully operational
seeing that the paraffin hardens following a
short time on the cold plate. The cassette is
then carefully removed from the processor
and placed on the heating block so as to keep
the wax melted. An already labelled
embedding block is placed in a stainless-steel
base mold and placed on the heating block
[13].

Using one hand; hold the embedding block as
well as the base of the mold under the
paraffin dispenser. Using forceps, the vessel
1s carefully picked so as to allow embedding
in the right orientation inside the embedding
block. Care should be taken when releasing
the vessel from the forceps since the wax can
cause them to stick together and dislocate the
vessel out of its original vertical position.

After a short time. It is expected that the
block will start to harden [6]. Upon complete
solidification of paraffin, the block is moved
from the cold plate and the steel base mold is
released. The block is then stored at room
temperature waiting sectioning.

Specimen Surgery

Rats were subjected to anesthesia through
intraperitoneal injection possessing 64.8
milligrams per kilogram pentobarbital
sodium [14]. The surgical region was shaved,
and the left sciatic nerve was exposed to the
lateral and longitudinal perpendicular
incision. It was done starting from the
highest trochanter to the central thigh. Blunt
dissection was done in the middle of the
quadriceps femoris plus the biceps femoris
[15]. After ensuring that the sciatic nerve
was accurately exposed and not connected to
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the surrounding tissues, a crush injury of 2
mm long was formed at the point directly
under the gluteal tuberosity. The latter was
done with the use of a standard hemostat
used for surgical. The injury site was then
marked using a stereomicroscope having a
single 9-0 nylon stitch epineural at the injury
end for identification later [16]. Muscles and
skin were then wrapped and closed using 4-0
sutures made of nylon, and the rats returned
to their cages.

Specimen Sciatic Function Index

Analysis

It was done in a wooden walking alley with
bilateral walls of plastic plates prepared in
advance [17]. The wooden way was prepared
prior and constituted of a special alley box at
the end. For the floor specification, the alley
was wrapped using paper tape and a brush
used for ink smearing entirely over the rat's
plantar pedis.

The rat was then put at the alley's entry
point and would always walk following a
straight path into the special alley [14, 18,
19].While this took place, the rat left
footprints on the paper. About three
footprints were selected, which appeared
legible from the various prints that had been
left by each rat. The prints' identification was
followed by  measurement of three
parameters that included the print length
defined as the distance from the heel and the
third toe PL and the distance from the second
to the fourth toe defined as the intermediate
toe spread [13]. SFI was thus obtained and
calculated from the formula

SFI = -38.3 ((EPL -NPL ) / NPL) + 109.5
((ETS - NTS)/ NITS) -8.8

Where E stands for the experimental side
and N, the normal side, the wvalue of 0

indicates a normal function while a value of -
100 is an indication of total impairment [20].

Statistical Analysis

Data collected were presented as average.
The variations were assessed for significance
with the application of a single way ANOVA
[21]. Dunnet test was applied to analyze the
importance of the variations between the
control experiment specimen and the
experimental specimen. Tukeys HSD test
was performed to comparisons within the
groups following surgery [12]. The primary
focus was on performing comparisons of the
coinciding groups for the study as alterations
in these data portrayed improvements in
most of the circumstances. The change in SFI
did not show any trend towards progress
from 1w heading to 2w [21].

Results

The value of SFI (Sciatic function index)
generally improved upwards. However, there
was no trend indicated in the improvement
from 1w to 2w [11]. The value of SFI recorded
by the specimen in the control experiment
was -7.88 + 3.10. As time proceeded, there
were changes in the value of SFI as -84.89 +
2.38 in week one, -87.76 + 2.52 in week two, -
34.67 £ 2.54 in week three, -13.66 + 1.93 in
week four, and -10.92 + 1.84 in week six. 1w,
2w, and 3w groups had significant variations
as compared to the control experiment group
(p < 0.01) [31]. Comparisons of the adjacent
groups showed indications of variations in 2w
and 3w (p < 0.01) while that of 3w and 4w (p
<0.01).

Relationship between the sciatic function
index, the ankle angle, and the toe angle with
the number of myelinated nerve fibers,
myelinated nerve fibers diameters, axon
diameter as well as the thickness of the
myelin sheath is as represented in the table.

Table 1: Relationship between sciatic function indexes (SFI), ankle angle, and toe angle summary

findings
SFI Ankle angle Toe angle
Number of myelinated nerve fibers 0.88 0.90 0.96
Diameter of myelinated nerve fibers 0.86 0.87 0.93
Axon diameter 0.82 0.84 0.91
Myelin sheath thickness 0.87 0.89 0.93

From the table above, P < 0.05 while p < 0.01

SFI analysis was performed by identifying
and counting rat footprints on the paper.
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Representatives of the mouse footprints are
shown in figure 1, using four different color
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as mention at the Margiana R et al research
report [22]. An evaluation on the relationship
between the number of myelinated nerve
fibers, diameter of the myelinated nerve
fibers as well as the axon diameter showed

-

natae
2
=

that the values for the toe angle were
considerably higher compared to the ankle
angle and SFI.

<

Fig. 1: Representative image of rat footprints after ink smearing over the rat's planta pedis. The
surgical region and sciatic nerve-injured represented by the green footprint. Experimental group (A),

Control group (B)

Discussion

From the results obtained from the
experimental analysis, they demonstrate an
increase for both the ankle and the toe angles
[23]. These are very consistent with several
changes, including the numbers of the
myelinated fibers of the nerves, the
diameters of the myelinated nerve fibers, the
axon's diameter, and the sheath's thickness
after surgery [24]. However, the ankle did not
show any improvements after two weeks of
operation.

Of important is that the ankle angle made
improvements between 2w and 6w, and the
toe angle also made improvements from 1w
to 6w. In comparison to the control
experiment group, there were significant
variations until 4w for the toe angle value.
For the ankle angle, the change only occurred
until the 3w and sciatic function index.

On the centrally, SFI did not have any trend
that suggested improvement for the first two
weeks after operation [25]. There only
occurred minimal growth improvement from
4w as well as 6w [26]. To summarize, the
ankle angle plus the toe angle were extensive
indicators compared to the SFI for this study.
SFT is very easy and obvious to perform and
is applicable optimally in the rat sciatic nerve
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crush model for injury despite being prone to
underperformance in the rat sciatic conduit
model, which results from its low sensitivity
in addition to the intrinsic limitations [25].

GAP43 is examined in this research as its
important role in  peripheral nerve
regeneration. GAP43 is involved in
peripheral nerve regeneration is supported
by the findings that GAP43 is one of the
factor that is having important role in many
signalling pathway in peripheral ner
regeneration such as cyclic adenosine
monophosphate signaling pathway (cAMP)
etc., as the candidate of neuroregeration
marker and also from bioinformatics study.
[26, 27, 28].2Curcunin can be thought as a
potential agent to add to the stand art
management therapy of sciatic nerve injury.
As already reported in other research, many
additional agents can give advantage to the
therapy result of sciatic ner injury. [29].

Conclusion

In conclusion, SFI, ankle angle, and toe angle
have a strong correlation. However, the ankle
angle and the toe angle measurements are
more accurate than the SFI in the model. In
the injury model to the rat sciatic nerve, the
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toe angle gives a better prediction compared
to the ankle angle. The consideration of the
toe angle as a parameter, which is very
informative is very innovative, and the
results are a picture of the improvements
relating to the functional evaluation as well
as increased sensitivity in comparison to the
ankle angle.

More research and study will be essential in
the future to determine the basic mechanism
that toe angle 1is a more sensitive
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