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ABSTRACT | Peripheral nerve lesions may be 
associated with abnormal scarring that lead to 
regenerative failure and dysfunction. Neurodynamic 
mobilization (NM) imposes controlled mechanical loads 
on the peripheral nerve and may influence inflammation 
and collagen deposition after a lesion. However, 
there is lack of experimental data to support these 
claims. Objective: To evaluate the impact of NM in the 
intraneural number of mast cells, collagen deposition and 
number of blood vessels after an ischiatic crush lesion in 
rats. Methods: This is a laboratory animal study, where 
20 rats (Rattus norvegicus) were randomly divided into 
two groups, NM (n=10) and control (n=10), submitted 
to a right ischiatic nerve lesion. A tensioning NM began 
10 days after lesion, and was maintained once a day, 
six times a week, for three weeks. After this period, the 
animals were euthanized and the nerves assessed for 
the number of mast cells, collagen area and number of 
blood vessels. Results: NM led to a lower number of 
degranulated mast cells (Kruskal-Wallis = 0.29 p<0.05), 
higher organization of collagen deposition (Kruskal-
Wallis = 0.01, p<0.05 ). There was no influence of NM 
on the number of intraneural blood vessels (Kruskal-
Wallis = 0.46 p<0.05). Conclusion: NM started 10 
days after a ischiatic nerve crush lesion modulates the 
inflammatory process and prevents random deposition 
of collagen at the lesion site, but has no influence on 
blood vessels formation.
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Peripheral nerve lesions are among the most 
debilitating neurological problems, and may result 
in anatomic, sensory and motor changes1. Abnormal 
scar formation at the lesion site is one of the factors 
associated with failure of the regenerative processes, 
and may delay or prevent function restoration2.

After a traumatic episode, disease or lesion, 
inflammatory reaction develops to restore the 
structure and function. Mastocytes, blood flow 
and angiogenesis play a fundamental role in the 
inflammatory cascade. On one hand, mastocytes 
produce and release a variety of chemical mediators 
related to vascular proliferation and vasodilatation3. 
They also produce proteolytic enzymes responsible 
for the degradation of the basal membrane and 
extracellular matrix, which contribute to fibroblast 
activation and collagen deposition4. On the other 
hand, blood flow and angiogenesis help with tissue 
nutrition and create an adequate microenvironment 
for the repair process5. 

Intraneural inflammation can result in excessive 
scarring, which may reduce nerve cross-sectional 
area, increase intrafascicular pressure, and inhibit 
regenerative capacity6. Scar formation and edema 
resulting from impaired microcirculation will alter 
mechanical properties of the nerve (neurodynamics), 
leading to abnormal mechanical behavior 
(pathomechanics)7,8 which in turn, can prevent 
peripheral nerve regeneration.

Whereas pathomechanical behavior can be an 
impeditive factor in the recovery of a peripheral 
nerve lesion, optimal mechanical loads would have 
the oposite effect. Mechanical stimuli change nerve 
cells behavior9. Mechanical distention of the cell 
membranes modulates the activity of cation transport 
from the ionic channels sensitive to tension10. In vitro 
studies have demonstrated that mechanical loads are 
capable of modulating the inflammatory process11. 

Therefore, passive maneuvers that promote 
tensioning or sliding of the peripheral nerve, known 
as neurodynamic mobilization (NM), might be used 
to restore peripheral nerve mechanical properties 
after a lesion12. NM may influence the circulation 
of fluids and fibrosis of an injured nerve, as well 
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METHOD

Declaration by the Ethics Committee

Experimental conditions were in compliance with the  
Brazilian College of Animal Experimentation and the 
Federal Council of Veterinary Medicine guidelines. 
The study was  approved by the BAHIANA School of 
Medicine and Public Health (EBMSP) Ethics Committee 
on the use of Laboratory Animals under Protocol # 
002/2008.  The results follow the ARRIVE guidelines 
for reports on researches involving laboratory 
animals.

Experimental Design and Surgical Procedure

We used in this study 20 male rats (Rattus norvegicus) 
with body weight between 240g and 340g. 
Animals were randomly divided into Neurodynamic 
Mobilization (NM, n=10) and Control (GC, n=10) 
groups. Randomization and blinding of researchers 
involved with the intervention and data analysis 
were done by numbering the rats. An axonotmesis 
lesion was performed by crushing the right ischiatic 
nerve. The surgical procedure was performed 

as the inflammatory response. However, there are 
few experimental studies that corroborate these 
hypotheses13.

Previous studies have investigated the effect of 
mechanical loads on inflammation and behavior 
of mastocytes14, but no study has specifically 
evaluated the role of NM in inflammation and the 
formation of endoneural fibrosis, a key element to 
peripheral nerve regeneration.  Hence, the main aim 
of this study was to evaluate the impact of NM on 
inflammation, collagen deposition and intraneural 
blood circulation after an ischiatic crush lesion.  
Specifically, we also aimed to investigate the effect 
of the most tensioning NM maneuvers, as they may 
promote nerve regeneration, but also harm due to 
excessive intraneural pressure. 
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after anesthesia with an intraperitoneal injection 
of ketamine (60 mg / kg) and xylazine (7 mg / 
kg). Efficacy of the anesthesia was evaluated by 
the absence of reflexes from the tail and ipsilateral 
paw, as well as flexor reflexes in responses to noxious 
stimuli (pinching). 

After trichotomy and asepsis, a longitudinal incision 
was performed in the lateral surface of the right 
thigh, below the trochanter of the femur, to expose 
the ischiatic nerve. The nerve was crushed once for 
30 seconds, with a smooth needle holder forceps 
(without teeth), in the first lock, at the ischiatic 
nerve notch. The same investigator performed the 
technique in all the animals. After injury, the muscles 
were sutured with catgut 4.0 and the skin with 
nylon 4.0. In the post-operative period, all  animals 
were placed in a cot warmed to 37°C to prevent 
hypothermia. The animals were housed one per box, 
under a 12-hour light/dark cycle, in a room with 
controlled temperature (22°C) and 45% humidity. 
They received food and water ad libitum.

Neurodynamic Mobilization

Neurodynamic mobilization began 10 days after the 
lesion and was performed on an acrylic platform, 
according to a previously established protocol15. 
During the procedure, the neck, back, tail and left 
posterior limb were fixed with belts, while the right 
posterior limb remained free of movements in the 
control group, or was treated in accordance with the 
NM protocol. A tensioning NM was performed, in 
three series of one minute each block, with plantar 
and dorsiflexion movements at 1 Hz (one complete 
cycle/second).

This procedure was repeated six times a week, for 
three weeks. The movements were - executed to the 
final range of the paw movement. Animals received 
a light sedation with a mixture of isoflurance and 
oxygen (1 L / min), during procedures to prevent 
stress and movements that could interfere with the 
results.

Experimental Outcomes

The animals were submitted to euthanasia by 
deep anesthesia and transcardiac perfusion, 31 

days after the lesion, with a fixative solution  (4% 
paraformaldehyde - PA, and 2% glutaraldehyde - 
GA, in a cacodylate buffer 0.1 M and pH 7.4, 70 
mL / animal). The ischiatic nerves ipsilateral to the 
lesion were harvested and dissected for evaluation 
of the crushed region.  A symmetrical section of 
the contralateral intact nerve was evaluated as the 
parameter of normality.   The tibial nerve was chosen 
to express the morphology of the ischiatic nerve, due 
to its proportional size. The nerves were evaluated 
with regards to the absolute number of intact and 
degranulated mastocyte, areas of collagen and 
blood vessels.  For this purpose, these nerves were 
fixed with 10% formalin incorporated into paraffin 
wax and stained with toluidine blue for mastocyte 
count, or picrosirius red to the analysis of collagen 
content. 

Once the slides were obtained, a light microscope 
(Olympus BX 51) was used to systematically capture 
10 images of each nerve, at 40x magnification. 
Mastocytes count was performed automatically 
using an image processing software program (Image 
J, NIH, USA).  The area of collagen for each image 
was estimated with an image edition software 
program and was calculated automatically (Motic 
Image Plus 3.0). 

Immunohistochemistry 

To investigate the area of blood vessels, the slides 
were deparaffinized with xylol in three consecutive 
baths of 10 minutes each.  Immediately afterwards, 
they were dehydrated twice with absolute alcohol, 
for five minutes each time, washed with tap and 
distilled water. To expose the site, antigenic retrieval 
was used at a temperature of 97°C for 30 minutes. 
After this, we used hydrogen peroxide to block 
endogenous peroxidase for 20 to 30 minutes. Next, 
the unspecific bonds were eliminated with serum 
free protein block (DAKO-X0909). The slides were 
incubated with primary rabbit antibody PECAM-
1(CD31 1:1000) and placed in a damp chamber 
at 4°C during the night. The slides were washed with 
PBS, five times, every five minutes, and incubated 
with secondary antibody (DAKO labeled polymer-
HRP anti-rabbit K4011). They remained at room 
temperature for two hours, and afterwards were 
washed with PBS, five times, every five minutes, 
counterstained with hematoxylin, and finally mounted 
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RESULTS

Animals were randomly divided into the two study 
groups and had a mean weight of 277g in the 
control group and 275 g in the experimental group. 
The contralateral paw of each group was used as 
a parameter of normality (group without injury and 
without NM). No signs of suffering were detected 
throughout the entire study. We initially had 10 rats 
on each group. One animal of the control group  
died after surgery, and its initial data were excluded 
from the analysis. During sample processing, the 
tissue from other two animals of the control group 
were damaged. The final sample had 10 animals 
in the NM Group and seven animals in the control 
group.  In the group of normal nerves (contralateral) 
14 nerves were analyzed.

Histologic Evaluation

Mastocytes

Mastocytes were classified in their intact and 
degranulated forms.  Normal nerves (without lesion 
or mobilization) presented a lower quantity of mast 
cells, limited to areas neighboring blood vessels 
(Figure 1A). In the control nerves, that suffered 
lesion but were not mobilized, we observed a larger 
number of degranulated mastocytes smaller in size, 

with Canada balsam.

Statistical Analysis

The intervention (NM, control/normal) was the 
independent variable.  The dependent variables 
were the number of mastocytes, area of collagen 
and area of blood vessels.  As the data did not 
present normal distribution, median and interquartile 
intervals were used to describe the results. The 
number of mastocytes, area of collagen and area 
of blood vessels were evaluated between groups 
by the Kruskal-Wallis test, followed by the Dunn 
multiple comparisons test. The study power was 
considered to be 90% and the alpha value set as  
5%. Analyses were performed using the GraphPad 
Prism 6.0 statistical software.

dispersed, and not limited to the surroundings of the 
blood vessels (Figure 1B). Crushed and mobilized 
nerves presented a smaller number of degranulated 
mastocytes than the control group. They also showed 
a higher number of intact with grains of preserved 
vasoactive amines (Figure 1C).

Collagen

Figures 2A, 2B, and 2C represent the quality and 
formation of epineural and endoneural collagen at 
the lesion site.  In the normal nerves, the collagen 
fibers were aligned, in an organized form, with little 
staining, representing a low density of collagen 
(Figure 2A). Conversely, the control group had a 
disorganized tissue, with no alignment configuration, 
and disordered deposition.  In this group, it was 
difficult to differentiate nerve connective tissue 
layers (Figure 2B).  In the NM group, collagen was 
deposited in the epineural and endoneural areas.  
Collagen fibers showed a robust and organized 
configuration, deposited longitudinally to the nerve 
structure, and resembling the normal group (Figure 
2C).   

Blood Vessels

Crushed and untreated nerves showed a high 
variability of blood vessels area,  also distant from 

Figure 1. Mastocytes arrow head present in the normal ischiatic nerves 
(A) (without lesion or neurodynamic mobilization), (B) controls (crushed, 
but without receiving neurodynamic mobilization) and (C) treated with 
neurodynamic mobilization (crushed and treated). Mastocytes were 
present in the intact and degranulated forms, with oval shape and 

blue-violet color.  
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Figure 2.  The images represent (A) normal ischiatic nerves (without 
lesion or neurodynamic mobilization), (B) controls (crushed, but 

without receiving neurodynamic mobilization) and (C) treated with 
neurodynamic mobilization (crushed and treated).  Note that  both 
normal (A) and treated with neurodynamic mobilization (C) nerves 

present longitudinal collagen deposition.  However, crushed nerves not 
submitted to neurodynamic mobilization (B) had deposit of collagen in 

a disorganized manner through the nerve structure.  

each other.  Conversely, in normal nerves and in 
crushed and treated with NM there was less area 
variability.  Blood vessels  on the NM group were 
more grouped   (Figure 3).  

Morphometric Analysis

The nerves that suffered lesion (Control and treated 
with NM) presented a larger number of degranulated 

Figure 3. The images represent the normal ischiatic nerves (A) 
(without lesion or neurodynamic mobilization), (B) controls (crushed, 

but without receiving neurodynamic mobilization) and (C) treated with 
neurodynamic mobilization (crushed and treated).  Caliber of blood 

vessels was larger in  crushed nerves (B and C), despite neurodynamic 
mobilization.   

mastocytes than the normal group (Kruskal-Wallis 
+ Dunn, p <0.05). The number of degranulated 
mastocytes was larger in the two lesioned groups 
regardless of NM (Figure 4A). Number of intact 
mastocytes was not different among the three 
groups (Figure 4B).  

Regarding collagen area, the NM group was similar 
to the normal group.  Crushed nerves not treated 
with NM presented a larger collagen area (Figure 
5).  There was no difference in the cross-sectional 
area of blood vessels among the evaluated groups 
(Figure 6).

Figure 4.  The degranulated mastocyte count was higher in the 
crushed when compared to normal nerves. There were no differences 
between nerves treated with neurodynamic mobilization and controls.  

Intact mastocytes count  was not different among the three studied 
groups.  Data  is shown as means and quartiles.  *Kruskal-Wallis, 

p<0.05.
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DISCUSSION

The aim of this study was to evaluate the influence of 
tensioning NM on variables related to inflammation 
and nerve repair after an ischiatic crush injury.  
Specifically, the influence of NM on the quantity of 
mastocytes and area of collagen and blood vessels 
was studied.  The main results suggest that tensioning 
NM initiated 10 days after lesion could modulate 
the inflammatory process and decrease intraneural 
fibrosis, organizing collagen deposition.  

Figure 5.  The nerves treated with neurodynamic mobilization had a 
smaller area of collagen when compared to the untreated group. The 

former had a similar area to that of the normal group. Data expressed 
in terms of means and quartiles. *Kruskal-Wallis = 0.01, p<0.05

Figure 6.  The area of endoneural blood vessels was similar among 
the three studied groups .  Data  is presented as  means and quartiles. 

(Kruskal-Wallis=0).

In our study, NM appears to have prevented a 
disperse distribution of the amount of degranulated 
mastocytes through the intraneural space. We 
did not find that this treatment influenced the 
increase or decrease in the number of these cells. 
Mastocytes take a fundamental part in tissue repair 
and peripheral nerve regeneration, as they are 
capable of releasing vasoactive substances when 
in the degranulated form16. This could lead to an 
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increase in blood flow and presence of collagen 
synthesizing cells4. However, if these phenomena are 
excessive, or collagen fibers deposited in a random 
manner at the site of the lesion, local fibrosis could 
occur17. Our results are opposite to those found in 
other studies that caused mechanical tension in cells 
cultures14,18. This may have occurred due to the type 
of intervention, intensity and time of use of NM 
maneuvers. 

Previous studies19,16 have described that the 
application of mechanical loads on an injured 
peripheral nerve would lead to an increase in the 
number and function of mastocytes, with beneficial 
consequences for the healing process.  These findings 
suggest that the imposition of mechanical loads to an 
injured tissue may control the inflammatory cascade. 
However, an excessive increase in the number of 
mastocytes could trigger disorders and increase cell 
signaling. In a paracrine manner, this could increase 
the synthesis and deposition of collagen, which is seen 
in some diseases, as neurofibromatosis20. NM could 
therefore play a role in the control of inflammation 
after a peripheral nerve injury.  However, due to the 
diversity of this type of lesion, other models must 
be studied to elucidate whether these results are 
consistent.

Fibrosis  formation involves the disorganized 
deposition of collagen, which may harm or inhibit 
regeneration.  In our results, NM oriented collagen 
deposition in the epineural and endoneural layers, 
conducting the area of collagen to normal values. In 
addition, not mobilized crushed nerves  presented 
a disorderly collagen deposition in the intraneural 
compartment.  This suggests that NM prevents the 
formation of endoneural and epineural fibrosis.  
Recent studies have supported these results 
by demonstrating that the gradual elongation 
of the nerve is beneficial to peripheral nerve 
regeneration21,22. As our results suggest that the 
lack of mobilization after a peripheral nerve lesion 
increases the amount of collagen and may prevent 
regeneration, graded nerve mobilization may be an 
important procedure to prevent those maladaptive 
changes23. 

On the other hand, the imposition of excessive loads 
may harm regeneration. The increase in tension 
may generate an increase in collagen deposition, 
and consequently an abnormal healing, preventing 

peripheral nerve regeneration24. The lack of 
balance between the forces of internal and external 
tension appears to be a fundamental factor in the 
formation of an abnormal scar25. Therefore, NM may 
play a role that could simultaneously be important 
or harmful to peripheral nerve regeneration.  This 
will probably depend on the nature of the lesion 
and mobilization.  Future studies must use different 
types of peripheral nerve lesions and mobilizations 
to evaluate this question.

In spite of neural mobilization influencing the 
dispersion of fluids through the peripheral nerve 
in cadavers, in our study we did not observe the 
structural influence of NM on the caliber of blood 
vessels. As our study involved fixated and no longer 
living blood vessels, the differences in pressure and 
flow were not studied.

CONCLUSION

Our results suggest that NM started 10 days after 
an ischiatic nerve crush lesion decreased intraneural 
fibrosis, without interfering in nerve inflammation or 
vascularization.
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