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ORIGINAL PAPER
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ABSTRACT

Background: The aim of this study was to evaluate the efficacy of atmospheric pressure cold

plasma jet and plasma activated medium (PAM) on sciatic nerve injury (SNI).

Materials and methods: Rats were divided into 6 groups (n = 10); group 1 (Sham), group 2

(SNI),  group  3  (SNI  +  Atmospheric  pressure  cold  plasma  jet  5  min),  group  4  (SNI  +

Atmospheric pressure cold plasma jet 10 min), group 5 (SNI + PAM 5 min), group 6 (SNI +

PAM 10 min). On the 1st, 8th, 15th, 22nd days of the study, atmospheric pressure cold plasma jet

was applied to rats in groups 3 and 4, and PAM was applied to rats in groups 5 and 6. Hot

plate test was applied to all rats on the same days. On day 28, the experiment was terminated

and sciatic nerve tissues were removed for histopathologic evaluations.

Results: According to the 4-week average of the hot plate tests, a significant relationship was

found between group 2 and group 4 and group 6 (p < 0.05). When evaluated within each

week, significant differences were found between group 2 and group 4 in week 1, between

group 2 and group 5 and group 6 in week 2, between group 2 and group 4 in week 3, and
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between group 2 and group 4 and group 6 in week 4 (p < 0.05). As a result of histopathologic

analysis, except for the control group, the other groups had similar characteristics in terms of

axonal degeneration, periaxonal swelling and axon density.

Conclusions: As  a  result  of  our  study,  we  found  that  plasma  application  showed  an

improvement  in  the  duration  of  the  hot  plate  test,  but  did  not  show  any  improvement

histopathologically. 

Keywords: atmospheric pressure cold plasma jet, plasma-activated media, sciatic injury,

hot plate test, histopathology

INTRODUCTION

Plasma is the fourth state of matter consisting of positive and negative ions, electrons,

ultraviolet  photons,  neutral  atoms and uncharged particles.  During plasma formation,  free

radicals and reactive species are produced depending on the type of gas converted in it [6, 12,

20, 27, 37].

While plasma occurs naturally in the universe, it is obtained as a result of a series of

processes in the laboratory.  The basic principle of these processes is  to obtain plasma by

ionizing gases of different structures. While there are different methods for this ionization

process, all of them are based on obtaining plasma by passing the gas to be used through

direct or alternating current. In the medical field, dielectric barrier discharge and atmospheric

pressure plasma jet methods come to the fore. Dielectric barrier discharge was introduced by

Siemens in 1857. It is obtained by passing gases with different properties between a high

voltage electrode made of dielectric material and a ground electrode. The part of the plasma

formed by the gases ionized between the electrodes that can flow to atmospheric pressure is

called  atmospheric  pressure  plasma  jet.  In  short,  plasma  jets  are  electrical  discharge

mechanisms that can leave the environment in which they are produced and move in the

atmosphere.  Different  reactive  particles  such  as  O,  OH,  N2,  He,  etc.  emerge  from these

plasmas produced in the laboratory environment, depending on the amount, properties and

application  method  of  the  gas  supplied.  These  particles  are  detected  by  optical  emission

spectroscopy [5, 14, 20, 38].

Plasma  is  divided  into  different  classes  as  hot-cold  according  to  the  plasma

temperature, full-partial according to the ionization intensity, low-atmospheric-high pressure

according to the pressure 5-13-14 Hot plasmas are obtained by increasing the gas temperature



above 1000 K. Cold plasmas are obtained by lowering the gas temperature from 104 K to

below 1000 K. Cold plasmas are also divided into low pressure cold plasmas and atmospheric

pressure  cold  plasmas  according  to  the  pressure  of  the  environment.  Low-pressure  cold

plasma is obtained by using a pressure lower than the atmospheric pressure of 1 atm and is

also called vacuum plasma. Its disadvantages include the need for more equipment and its

cost. Atmospheric pressure cold plasma, on the other hand, is a class of more active species

that do not need equipment such as vacuum, which is applied under 1 atm pressure and at

ambient temperature [20, 36, 39].

Plasma can be applied directly or indirectly on the target tissue and plasma can show

beneficial activity in both ways. Indirectly, the plasma jet is injected into water, 0.9% NaCl

solution,  phosphate  buffered  saline,  organic  matter  solutions  and the  resulting  medium is

called plasma activated medium (PAM) [7, 30, 32].

Plasma has wide applications in many fields such as industrial, medical, textile and

aircraft industries. In the medical field, cell biostimulation, wound healing, fibrin activation

enhancer, tissue regeneration, surface biomodification, skin regeneration, anti-inflammatory,

antimicrobial  and anticancer  effects  are  frequently utilized.  Plasma has  minimal  effect  on

normal cellular activity and this effect is negligible. Therefore, it  has no side effects. The

cocktail  of  ionized  gases,  electrically  excited  particles,  electrically  charged  particles,  free

electrons, reactive species in plasma stimulates angiogenesis, antimicrobial effect on biofilm,

minimal  temperature  increase  in  tissue,  local  endogenous  radicals,  coagulation,  wound

healing and cell biostimulation by stimulating fibroblasts and keratinocytes  [2, 4, 9, 15, 17,

30].

The aim of the study was to  investigate the efficacy of atmospheric pressure cold

plasma on sciatic nerve injury in rats.

MATERIALS AND METHODS

Ethics committee approval and animal procurement

The study was carried out with the decision of the local ethics committee of Karabük

University Animal experiments dated 27/12/2022 and numbered 2022/10. The rats used in the

study  were  obtained  from  Karabük University  Experimental  Medicine  Application  and

Research Center. All procedures to be performed on the rats during the experiment were also

performed in this center. The rats were fed ad libitum with pellet feed at 20–24 C°, 50–60%

room humidity, 12 hours in light and 12 hours in darkness for 4 weeks.



Sciatic nerve injury and plasma applications

The study was performed using 60 female Wistar albino rats weighing 250–300 g. On

the first day of the experiment, the gluteal and posterior thigh region of all rats were shaved

under xylazine/ketamine anesthesia.  In the right extremity,  the biceps femoris muscle was

separated and the sciatic nerve was exposed. In order to damage the sciatic nerve, the sciatic

nerve was compressed with forceps 3 times with 10 s intervals and 10 s duration. In this way,

crush injury was created in the sciatic nerve [40]. Rats were randomly divided into 6 groups.

The groups and all procedures applied to the groups are described below;

Group 1 (Sham group); Sciatic nerves were exposed but no crush injury was created. 

Group 2 (Sciatic nerve injury [SNI] group); Sciatic nerve crush injury was performed.

Group 3 (SNI + Atmospheric pressure cold plasma jet 5 min); Sciatic nerve crush injury was

created and atmospheric pressure cold plasma jet was applied for 5 min for 4 weeks (28 days).

Group 4 (SNI + Atmospheric pressure cold plasma jet 10 min); Sciatic nerve crush injury was

created and atmospheric pressure cold plasma jet was applied for 10 min for 4 weeks (28

days).

Group 5 (SNI + Atmospheric pressure cold plasma activated (PAM) 5 min); Sciatic nerve

crush injury was created and PAM was applied for 5 min for 4 weeks (28 days).

Group 6 (SNI + Atmospheric pressure cold plasma activated (PAM) 10 min); Sciatic nerve

crush injury was created and PAM was applied for 5 min for 4 weeks (28 days). 

There are many different time applications in the literature about the dose of plasma, and

these applications are generally 5 minutes and multiples [10, 11, 14].

Preparation of atmospheric cold pressure plasma jet and PAM

The atmospheric pressure cold plasma jet system was created using 99.99% pure argon

gas,  manually  adjusted  flow  meter  (3  L/min),  plasma  pen,  high  voltage  electrode,

oscilloscope, high voltage power supply, optical emission spectroscopy and computer (Fig. 1).

A plasma  pen  with  a  capacitive  electrode  design  was  used  to  generate  the  argon

plasma. A signal of 11kV voltage and 10kHz frequency was applied to the plasma pen by the

power supply to initiate the discharge. A high voltage probe and digital oscilloscope were

used to measure the signal used during plasma generation (Fig. 2). 

PAM was obtained by applying the plasma jet formed as a result of the system to

distilled water in a petri dish for 5 min and 10 min [7, 32]. 

Figure  3  shows  the  optical  emission  spectrum  of  argon  plasma.  The  graph  was

obtained using ThunderOptics brand SMA-E model 360-920nm measurement range optical



emission spectrometer. When we look at the graph, argon peaks are observed in a certain

range due to argon plasma. Thanks to this graph, we have information about the homogeneous

formation of the plasma.

Hot Plate test

The hot plate test is a method used to measure acute thermal pain in rats. All rats were

subjected to the hot plate test on the 1st, 8th, 15th and 22nd day of the experiment. The hot plate

was brought to 55 ± 1°C without placing the rats and the temperature was monitored with a

digital thermometer during the test. The rats were made to stand with their hind feet on the

plate. Then, the time of foot withdrawal was recorded. To prevent tissue damage, the test

duration was set as maximum 15 s. If this time lasted more than 15 s, the test was terminated

regardless of whether any response was observed or not and the test time was recorded as 15 s

[29, 35].

Termination of the experiment and histopathological analysis

At the end of 28th day, all rats were anesthetized and decapitated. Sciatic nerve tissue

samples  were  taken  and  fixed  in  10%  neutral  formalin  for  2  weeks  for  histopathologic

analysis.  Solutions  were  changed  every  3  days.  Following the  completion  of  the  2-week

fixation period, the tissues were placed in tissue tracking cassettes, labeled appropriately and

kept in running water overnight and formalin was removed from the tissue. The tissues were

first dehydrated by passing through alcohol series (70%, 80%, 96%, 100%). The tissues were

then made transparent with xylene and infiltrated with paraplast. The tissues were removed

from the hot paraffin and embedded in L-irons filled with paraffin and shaped as a square on a

smooth surface. All groups were then named by placing small rectangular cardboards in the L-

irons so that they did not touch the tissue, thus completing the tissue tracking process.

For  light  microscopic  analysis,  4  µm thick  sections  were  taken from the paraffin-

embedded sections  using a  rotary microtome (Leica RM2125RT) with  1/100 sampling  in

accordance with the systematic random sampling rule. Afterwards, the sections taken from all

groups were placed in a bain-marie pool with a water temperature of 42ºC and powdered

gelatin for stronger adhesion of the tissues to the slide. The sections taken from the bain-marie

pool were placed on slides for staining and kept in an oven at 58°C overnight to remove

paraplast  from the  tissues  and all  sections  were  stained  with  hematoxylin-eosin  for  light

microscopic analysis. Before the sections in all groups were included in the staining, a pilot

study was performed on a single section to determine the penetration time of the dye into the



tissue. The slides of all groups were then stained with the relevant dye in accordance with the

pilot staining procedure, covered with entellan and kept on a clean surface for a few days to

dry.

Statistical analysis

For  the  reliability  of  the  study,  hot  plate  testicular  results  were  analyzed  in  two

separate ways according to weekly results and total results. The conformity of the data to

normal distribution was analyzed by Shapiro–Wilk test. Median (minimum-maximum) values

were included in the descriptive statistics of the data that did not fit the normal distribution.

Kruskal  Wallis  H  test  was  used  to  compare  the  groups  that  did  not  conform to  normal

distribution. Pairwise comprasion test was used to determine which groups were different.

The data used in histopathologic analysis were expressed as Median (IQR). As a result of the

normality tests of the data belonging to the groups, it was determined that the groups did not

show normal  distribution.  Kruskal  Wallis  test  and Mann Whitney U test  with  Bonferroni

correction were used for comparisons of parameters between groups. Minitab 17 and Spss 21

package programs were used for statistical analysis and p < 0.005 was considered statistically

significant.

RESULTS

Hot plate test results

When 4-week hot plate test averages were evaluated, the highest mean duration was

determined in the SNI group and the lowest mean duration was determined in the sham group

(p < 0.05). There was a decrease in the mean duration of hot plate test in the plasma jet and/or

PAM treated groups compared to the SNI group (Table 1). According to the group averages

obtained at the end of 4 weeks of the study, a significant difference was found between the

groups by Kruskal Wallis  H test  (p < 0.05). Pairwise comprasion post hoc test  showed a

significant difference between 1 vs 2, 1 vs 3, 1 vs 4, 1 vs 5, 1 vs 6, 2 vs 4, 2 vs 5, 2 vs 6

groups (p < 0.05) (Table 1).

In the 1st, 2nd, 3rd and 4th weeks of the study, the highest hot plate test duration was

recorded in the SNI group and the lowest duration was recorded in the sham group. Starting

from the 3rd week, it was determined that the duration of hot plate testis in the plasma jet

and/or PAM treated groups showed a significant decrease compared to the SNI group. This

duration was even shorter in the group in which atmospheric cold plasma jet was applied for

10 min and in the PAM 10 min group. It was determined that the duration of atmospheric cold



plasma application rather than the type of application was more effective in the improvement

in the duration of hot plate test (Table 2, Fig. 4). The groups were compared according to the

weeks by Kruskal Wallis H test and a significant difference was found between the groups in

all weeks (p < 0.05). Pairwise comprasion post hoc test was performed between the groups of

1 vs 2, 1 vs 3, 1 vs 5, 1 vs 6, 2 vs 4 in week 1, between the groups of 1 vs 2, 1 vs 3, 1 vs 4, 1

vs 5, 1 vs 6, 2 vs 5, 2 vs 6 in week 2, between the groups of 1 vs 2, 1 vs 3, 1 vs 4, 1 vs 5, 1 vs

5, 1 vs 6, 2 vs 5, 2 vs 6 in week 3. In week 3, a significant difference was found between 1 vs

2, 1 vs 3, 1 vs 5, 2 vs 4, 3 vs 4, 4 vs 5 groups, and in week 4 between 1 vs 2, 1 vs 3, 2 vs 4, 2

vs 6 groups (p < 0.05) (Table 2).

Histopathologic evaluation of sciatic nerve tissue

Assessment of the damage in the sciatic nerve tissue was performed using a Nikon

Eclipse 80i light photomicroscope, taking into account changes such as axonal degeneration,

periaxonal  swelling  and  axonal  density.  Five  different  areas  were  selected  and  these

morphologic  parameters  were  scored  semiquantitatively  between  0–3.  No  change  was

considered as score 0, less than 25% change as score 1, 25–75% change as score 2, and more

than 75% change as score 3. In this context, quantitative results were obtained by comparing

between groups.  Each parameter  was performed by the same histologist  without  knowing

which tissue sample belonged to which group and by random selection of tissue samples

(Blinded evaluation).

When the relevant results were evaluated; there was a statistical difference between

sham and  atmospheric  pressure  cold  plasma  jet  5  min  group,  atmospheric  pressure  cold

plasma jet 10 min group, sciatic injury group, SNI + PAM 5 min and SNI + PAM 10 min in

terms of axonal degeneration, periaxonal swelling and axon density (p < 0.001). Except for

the sham group, there was no statistical difference between the other groups in terms of the

related parameters (p > 0.05) (Table 3, Fig. 5).

DISCUSSION

Plasma, which is naturally found in nature and can be obtained in the laboratory by

applying high voltage to the gas, is a substance that can be used in the field of health  [23].

Cold atmospheric plasma can interact with biological cells at temperatures below 40ºC and

trigger  various  biological  processes.  In  addition,  the  fact  that  cold  atmospheric  plasma

application is non-contact and painless allows it to be easily used on human tissues and cells

[23,  24].  Studies  have  shown  that  cold  plasma  has  a  wide  range  of  applications.  Cold



atmospheric plasma, which is used in disinfection and sterilization processes, is also a highly

effective therapeutic agent in the field of health [3, 21, 25, 26]. It has important therapeutic

effects in wound healing, suppression of tumor growth, various skin diseases such as psoriasis

and dermatitis [10, 11, 18, 33]. 

Peripheral  nerve  injury  is  a  pathologic  condition  that  can  occur  especially  after

traumatic  injuries.  There  is  still  no  treatment  method  to  ensure  complete  recovery  after

peripheral nerve injury. First, an injury occurs in the peripheral nerve due to trauma. This is

followed by a second injury involving biochemical and metabolic processes that lead to cell

dysfunction and death [1, 8]. Injuries to peripheral nerves lead to partial or complete loss of

autonomic functions as well as motor and sensory functions. These dysfunctions that occur as

a result of damage to peripheral nerves significantly reduce the quality of life in individuals.

Therefore,  it  occupies  an  important  place  in  rehabilitation  medicine  [1].  Unfortunately,

treating the initial injury due to trauma in peripheral nerves is not enough to permanently heal

the nerve. Secondary injury that occurs after trauma should be prevented. For this reason,

effective therapeutic agents that can support surgical repair and physical rehabilitation, which

are widely used in the treatment of peripheral nerve injury today, are sought to treat secondary

injury [16, 19, 28]. In this context, in this study, the effectiveness of cold pressure atmospheric

plasma, which has been shown to have healing and reparative effects in many tissues, on

sciatic  nerve  injury  in  rats  was  investigated.  When  the  results  were  evaluated

histopathologically at the light microscopic level, it was observed that the general structure

and axons in the sham group had normal morphologic structure. In all other groups, there

were more degenerated axons, periaxonal swelling and decreased axonal density compared to

the sham group. The borders of the axons in these groups could not be clearly distinguished

and possible degenerated cell debris structures were frequently observed. The hot plate test is

the  most  common procedure  used  to  determine  nociception  in  rats  with  peripheral  nerve

injuries  [31].  When  we  looked  at  our  hot  plate  test  results,  we  observed  a  significant

improvement in the hot plate test time in the group in which we applied 10 min cold pressure

atmospheric plasma jet after our third plasma application (at the 3rd week after injury) and in

the  10  min  PAM  group.  The  histopathological  evaluations  we  performed  are  semi-

quantitative. It is important for us to see the reversal of the primary injury process that occurs

as a result of sciatic nerve injury. But we know that the main problem in peripheral nerve

injuries is the secondary injury that develops due to the primary injury. In the process of

secondary injury, oxidative stress and inflammation increase in the tissue. Due to increased

oxidative and inflammatory damage,  cell  death pathways are activated and cells  die  [13].



When we evaluate all our results, we think that we should support our study with quantitative

studies in order to evaluate the effectiveness of cold pressure atmospheric plasma on sciatic

nerve injury more accurately. Oxidative stress, inflammation and cell death processes that

occur during the secondary injury process in the tissue should also be evaluated. Lee et al.

[23],  examined  the  role  of  non-thermal  plasma  in  sciatic  nerve  healing  after  making  a

complete  incision  in  the  sciatic  nerve  of  rats.  They  applied  non-thermal  plasma  to  the

treatment groups for 5 min three times a week for eight weeks. They evaluated functional

recovery with the footprint test and observed that there were differences in the sciatic nerve

index between the injury group and the group treated with non-thermal plasma only after the

4th week. After eight weeks, they found that the treatment group could spread their toes much

better and almost 60% of the function had returned. The researchers supported their results

with detailed immunohistochemical analysis. In line with their results, they stated that non-

thermal  plasma treatment  of  sciatic  nerve  incisions  increased  motor  function,  accelerated

myelination and axonal regeneration, and improved neuronal structure. The duration of the

experiment  and the frequency of plasma application were much longer than in our study.

Plasma treatment applied only once a week for four weeks may have been insufficient to

improve sciatic nerve damage. Another study has shown that non-thermal plasma may be an

effective therapeutic agent in the treatment of sciatic nerve crush injury [22]. The researchers

applied non-thermal plasma for 5 minutes three times a week for three weeks. After nine

treatments (on day 21), they found that the rats in the treatment group could spread their toes

much better than the rats in the damage group. They also examined the muscle and nerve

tissues with detailed histological analysis. They performed immunofluorescent staining with

macrophage marker CD68 protein and type I collagen antibodies to evaluate the effectiveness

of plasma on the inflammation process that delays the healing process in muscle tissue. They

found  that  type  I  collagen  expression  and  CD68 expressing  cells  were  decreased  in  the

treatment group. When they examined the sciatic nerve tissue histologically, they found that

the nine plasma treatments were insufficient to reduce the nerve tissue to normal thickness,

but the density of nerve fibers was higher than in the damage group. To confirm the functional

improvement in the nerve tissue, they performed immunofluorescent staining with specific

antibodies that are markers for axon filaments and myelinated Schwann cells. Their analysis

revealed that the myelin sheath actively healed and bridges connecting axon filaments were

formed in the treatment group  [22]. Again, unlike our study, the frequency and number of

plasma applications  were much higher  in  this  study.  In our study, it  is  seen that  the low

frequency  of  plasma  application  affected  our  results.  Plasma  applied  once  a  week  was



undoubtedly insufficient to heal the primary damage in the nerve tissue. Considering the other

studies, plasma application at least three times a week would have allowed us to obtain more

effective  and  clearer  results.  We  also  came  to  the  conclusion  that  we  should  definitely

evaluate the secondary injury process. 

CONCLUSIONS

It is very important to reveal the effects of plasma application on oxidative damage

and inflammation process occurring in the tissue in order to reliably evaluate the effectiveness

of plasma. In our future studies on this subject, we plan to reveal the effectiveness of plasma

with  more  comprehensive  advanced  kinetic  and  experimental  analyzes  by  closing  the

deficiencies we have seen in this study.
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Figure 1. Schematic representation of the plasma system

Figure 2. Oscilloscope image



Figure 3. Optical emission spectrum
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Figure 4. Hot plate test results according to weeks



Figure 5.  Light microscopic image of rat sciatic nerve tissue (a: Group 1, b: Group: 2, c:

Group 3, d: Group 4, e: Group 5, f: Group 6, Arrow: Healthy axon; Head of arrow: Periaxonal

swelling; Circle mark: axonal degeneration).



Table  1.  Descriptive  statistics  and  group  comparisons  according  to  total  hot  plate  test

averages

Groups Median (Minimum-

Maximum)
Group 1 (Sham group) 4.375 (3.5–5) a

Group 2 (Sciatic nerve injury [SNI] group) 11.10 (8.50–14.30) a,

b

Group 3 (SNI + Atmospheric pressure cold plasma jet 5 min) 9.375 (7–11.75) a

Group 4 (SNI + Atmospheric pressure cold plasma jet 10 min) 7.5 (2.5–11) a, b

Group 5 (SNI + Atmospheric pressure cold plasma activated (PAM)

5 min)

8.75 (5.25–12.5) a, b

Group 6 (SNI + Atmospheric pressure cold plasma activated (PAM)

10 min)

8.375 (5–10.75) a, b

a p < 0.05 Group 1 vs 2, 3, 4, 5, 6
b p < 0.05 Group 2 vs 4, 5, 6

Table 2. Hot plate test results according to weeks and comparison between groups

Groups Weeks Median (Minimum-Maximum)

Group 1 (Sham group)

Week 1 6 (2–7)a

Week 2 4 (2–6)c

Week 3 5 (3–5)e

Week 4 4 (2–5)i

Group 2 (Sciatic nerve injury

[SNI] group)

Week 1 11 (10–15)a, b

Week 2 11 (10–15)c, d

Week 3 12 (9–15)e, f

Week 4 10 (4–15)i, j

Group 3 (SNI + Atmospheric

pressure cold plasma jet 5 min)

Week 1 10.5 (6–15)a

Week 2 10 (5–11)c

Week 3 10.5 (2–12)e, g

Week 4 9 (3–15)i

Group 4 (SNI + Atmospheric

pressure cold plasma jet 10 min)

Week 1 8 (4–15)b

Week 2 10.5 (1–15)c

Week 3 3.5 (2–15)f, g, h

Week 4 4 (2–15) j

Group 5 (SNI + Atmospheric

pressure cold plasma activated

(PAM) 5 min)

Week 1 10.5 (6–13)a

Week 2 7 (2–15)c, d

Week 3 10.5 (3–15)e, h

Week 4 6.5 (2–11)

Group 6 (SNI + Atmospheric

pressure cold plasma activated

Week 1 11 (5–12)a

Week 2 7.5 (4–15)c, d



(PAM) 10 min) Week 3 7 (3–15)
Week 4 4 (2–13) j

a p < 0.05 Group 1 vs 2, 3, 5, 6; bp < 0.05 Group 2 vs 4; cp < 0.05 Group 1 vs 2, 3, 4, 5, 6; dp <

0.05 Group 2 vs 5, 6; ep < 0.05 Group 1 vs 2, 3, 5; fp < 0.05 Group 2 vs 4; gp < 0.05 Group 3

vs 4; hp < 0.05 Group 4 vs 5; ip < 0.05 Grup 1 vs 2, 3, 4; jp < 0.05 Group 2 vs 4, 6

Table 3. Histopathological analysis results

Histopathologi

c changes

Group 1 Group

2

Group

3

Group

4

Group 5 Group 6 p

Periaxonal

swelling

1  (0,75–

1)a

3 (2–3)b 2.5  (2–

3)b

2 (2–3)b 2  (1.75–

3)b

3 (2–3)b 0.00

1
Axonal

degeneration

0.5  (0–

1)a

2 (1.75–

3)b

2 (2–3)b 3

(1.75–

3)b

2.5  (2–

3)b

2.5  (2–

3)b

0.00

1

Axonal density 1 (0–1)a 3 (2–3)b 2.5  (2–

3)b

2 (2–3)b 2.5  (2–

3)b

3 (2–3)b 0.00

1


