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Abstract BACKGROUND: Sectional image of the peripheral nerves is a prerequisite for 
studying the morphological parameters of fascicular groups. Ultra-high precision 
MicroCT scan can explicitly display the internal morphology of physiological 
tissues. This study aimed to quantitatively measure the basic morphological 
parameters of fascicular groups of a peripheral nerve on MicroCT images, obtain 
the statistical principles and investigate the variation pattern of these morpho-
logical parameters during the process of fascicular group extension. 
METHODS: Peripheral nerve specimens were processed with fat removal, decellu-
larization, freezing, and drying, etc. The morphological parameters including area, 
perimeter, and the degree of circularity of each fascicular group in the peripheral 
nerve on MicroCT images were obtained by the image processing method. 
The cross-sectional area, cross-sectional perimeter, and cross-sectional degree 
of circularity of the single fascicular group were analyzed. Correlation between 
the cross-sectional area of single fascicular group and fascicular group extension, 
the correlation between the perimeter of cross-sectional single fascicular group 
and fascicular group extension, and correlation between the cross-sectional 
degree of circularity of single fascicular group and fascicular group extension were 
analyzed. 
RESULTS: The cross-sectional area of fascicular groups confirmed the Beta 
distribution with a dominant proportion of small-area fascicular groups and a low 
percentage of large-area fascicular groups. Within the range of 3 mm, no signifi-
cant correlation was observed between the cross-sectional area and the spatial 
extension of fascicular groups. The perimeter of the fascicular group section was 
normally distributed. The perimeter of the fascicular group section that did not 
remain stable immediately after the fascicular group - was split or merged, but it 
gradually became stable after the fascicular groups extended to a certain distance. 
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The cross-sectional area of the fascicular groups did 
not change significantly during this period. The degree 
of circularity of the fascicular group section followed the 
t distribution pattern with scale/position parameters. 
Similarly, it gradually approached the average value 
only after the fascicular groups extended to a certain 
length. 
CONCLUSION: Current study revealed the general rules 
of the basic morphometric parameters of fascicular 
groups in the process of spatial extension, which 
provided a pivotal basis for the repair of peripheral 
nerves and the diagnosis and treatment of neurological 
diseases and was of academic value and significance.

INTRODUCTION
The peripheral nerve of the limbs is the main channel 
that connects the trunk and limbs, which plays a role 
in transmitting sensory impulses and issuing motion 
instructions (Zhang et al. 2009). The basic morpho-
logical parameters of the fascicular group inside the 
peripheral nerve mainly include the area, perimeter, 
and degree of circularity of the fascicular groups. 
Investigating the morphological parameters of these 
fascicular groups and the variation principle following 
the spatial extension of the fascicular groups can 
provide references for peripheral nerve repair and diag-
nosis and treatment of relevant diseases (Raj et al. 2017; 
Li et al. 2012; Al-Fahdawi et al. 2016).

Li et al. have employed molecular hyperspectral 
imaging technology to process the spinal nerve fiber, 
obtain microscopic images of nerve fibers, and extract 
morphological parameters, such as myelin thick-
ness and area (Li et al. 2012). Eye tracking-assisted 
spectrum-domain optical coherence tomography has 
been adopted to extract the thickness of the retinal 
nerve fiber layer (RNFL) (Rajjoub et al. 2015). Páll 
Karlsson et al. have proposed that quantitative evalu-
ation of  morphological parameters, such as intraepi-
dermal nerve fiber density, contributed to the diagnosis 
of differential symmetric polyneuropathy (Karlsson 
et al. 2016). Anisotropic diffusion filtering combined 
with morphological processing is deployed to segment 
the optic nerve on microscopic images, and evaluate 
the changes of morphometric parameters of the optic 
nerve (Al-Fahdawi et al. 2016). Also, MR scan has been 
utilized to measure the morphological and relaxo-
metric changes of the distal tibial nerves under chronic 
inflammatory demyelinating polyneuropathy (Felisaz 
et al. 2019), suggesting that the study of morpho-
metric parameters of nerves and fascicular groups can 
provide a valuable basis for the diagnosis and treatment 
of neurological diseases.

Sectional image of fascicular groups of the peripheral 
nerves is a prerequisite for investigating the morpho-
logical parameters of fascicular groups. At present, 
two methods are primarily available to  obtain the 
sectional images of fascicular groups: slice preparation 

and MicroCT scanning methods. The slice photo-
graphing method requires slicing, dyeing, scanning, 
photographing, splicing and registration, etc., which 
is inefficient and yields low precision (Zhong et  al. 
2015; Zhong et al. 2011; Zhong et al. 2012). Ultra-
high precision MicroCT scan can explicitly display the 
internal morphology of physiological tissues, which 
has been employed to scan the nerve and blood vessels 
to construct the spatial structures (Hipp et al. 2009). 
Watling et al. have adopted metal osmium compounds 
to dye the sciatic nerve of mice, and then fix the sciatic 
nerve on a polymer scaffold and subject to low-dose 
X-ray irradiation on a MicroCT device to evaluate the 
blood supply of nerve blood vessels to the nerve and the 
regeneration of fascicular group (Watling et al. 2010). 
Besides, a MicroCT scan has been utilized to scan the 
rat sciatic nerve to observe the regeneration of fascic-
ular groups (Hopkins et al. 2015). Zhu and Yan from 
Sun Yat-sen University have used MicroCT to scan 
peripheral nerves and construct a three-dimensional 
structure including fascicular groups and connec-
tive tissues (Zhu et al. 2016; Yan et al. 2017). All these 
studies explored the application of ultra-high precision 
MicroCT scan in anatomical structures of peripheral 
nerve, laid a consolidated foundation for analyzing the 
morphometric parameters of fascicular groups of the 
peripheral nerves.

In this study, morphometric parameters, such as 
area, perimeter, and circularity of each fascicular group 
in each peripheral nerve on MicroCT image were 
obtained through image processing and calculation. 
Subsequently, the maximum, average, and minimum 
values of these morphometric parameters in the 
process of spatial extension are calculated and recorded 
to analyze the probability distribution pattern of these 
morphological parameters. In addition, the correla-
tion between these morphometric parameters and the 
spatial extension of the fascicular group was evaluated.

MATERIALS AND METHODS
Sampling collection
Peripheral nerve specimens were processed with fat 
removal, decellularization, freezing, and drying, etc. 
To  adapt to the parameter constrictions of MicroCT 
equipment, the long-segment peripheral nerve was 
cut into small segments with a length of approximately 
4 mm for a subsequent experiment (Figure 1A). A total 
of 8 specimens were eventually obtained, as illustrated 
in Figure 1B. The redundant part of the nerve was 
preserved for a subsequent experiment. This study was 
approved by the Institutional Review Board of Shenzhen 
Nanshan people’s hospital (No. [2019]072645).

MicroCT scan
The MicroCT scanning of specimens was illustrated in 
Figure 1C. The default parameters of the MicroCT scan 
were selected as previously described (Zhu et al. 2016). 
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According to the MicroCT scanning images, the 10th 
image of the 2nd specimen was chosen to acquire the 
contour of fascicular groups, as shown in Figure 1D by 
using the methods as previously described in research 
(Zhong et al. 2015). The contour and area of a fascicular 
group which was expressed by high-brightness pixels 
were selected, as described in Figure 1E.

Quantitative analysis of a cross-sectional area of single 
fascicular group
The cross-sectional area of a single fascicular group 
on the MicroCT scan image is defined as the number 
of pixels surrounded by the inner region of the fascic-
ular group as below.

    (1)

In which, Inner _Numi,j refers to the number of high-
brightness pixels of the i fascicular group on the j 
MicroCT scan image.

All specimens were scanned with the same MicroCT 
scanning parameters, and then the cross-sectional area 
of each fascicular group on all MicroCT images was 
calculated. The maximum, minimum, and average area 
could be obtained to acquire the corresponding statis-
tical distribution pattern.

Correlation analysis between cross-sectional area 
of single fascicular group and fascicular group extension
During the MicroCT scan, the serial scanning images 
of  the fascicular group section could be acquired. 
In other words, the number of the scanning image 

represented a specific position of the fascicular group in 
the spatial extension process. Therefore, the correlation 
between the cross-sectional area of the fascicular group 
and the fascicular group extension referred to the corre-
lation between the cross-sectional area of the fascicular 
group and the serial numbering of MicroCT scanning 
image:

   (3)

m is the total number of images scanned for a spec-
imen. si,j is the area of the i root fascicular group on the 
j scan image. 

Quantitative analysis of cross-sectional perimeter of the 
single fascicular group
The cross-sectional perimeter of a single fascicular 
group on the MicroCT image is defined as the number 
of pixels of the cross-sectional border of the fascicular 
group.

   (4)

Border _Numi,j is the number of pixels of the border 
of the i fascicular group on the j MicroCT image.

Correlation analysis between the perimeter of cross-
sectional single fascicular group and fascicular group 
extension
The correlation between the perimeter of the cross-
sectional single fascicular group and the fascicular 
group extension can be established by analyzing the 

Fig. 1. Peripheral nerve specimen processing and collection. A. Peripheral nerve length measurement; 
B. Specimen collected in tube after cutting into small pieces; C. MicroCT scan results (the 10th image 
of the 2nd specimen); D. Contour of the fascicular groups on the 10th image; E. fascicular groups 
displayed in high-brightness pixels. 
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correlation between the circumference of the cross-
sectional perimeter of the fascicular group and the 
number of scanning images.

   (5)

m is the total number of scanning images of a certain 
specimen.

Quantitative analysis of cross-sectional degree of circu-
larity of single fascicular group
The degree of circularity of the cross-sectional fascic-
ular group is defined as:
 
   (6)

ci,j refers to the degree of circularity of the i fascicular 
group on the j MicroCT image.

Correlation analysis between cross-sectional degree 
of circularity of single fascicular group and fascicular 
group extension
The correlation between the cross-sectional degree 
of circularity of a single fascicular group and fascicular 
group extension can be established by analyzing the 
correlation between the cross-sectional degree of circu-
larity of the fascicular group and the number of scan-
ning images.

   (7)

m is the total number of scanning images of a certain 
specimen.

Fig. 2. Single fascicular group with the maximal area on the 139th image (A); single fascicular group with 
the minimal area on the 440th image (B).

Fig. 3. Probability distribution of fascicular group area; histogram and probability density of area (A), cumulative probability 
of area (B).
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RESULTS 
Cross-sectional area of single fascicular group
MicroCT imaging was adopted to scan all specimens 
and 4,621 images were obtained. Then, all scanning 
images were processed by image processing software 
to obtain Figure 1D. Morphological parameters, such 
as area and perimeter of the highlighted areas on these 
images were obtained. The maximum cross-sectional 
area of single fascicular group: smax = 14322pixels, 
where it appears as illustrated in the fascicular group 
in Figure 2A. The fascicular group was located on the 
139th scanning image of the specimen.

The minimal cross-sectional area of the single 
fascicular group on the 440th scanning image of this 
specimen: smin = 87pixels, as illustrated in Figure 2B.

The mean cross-sectional area of the single fascicular 
group: smean = 3563.4pixels .

The histogram of the cross-sectional area of the fascic-
ular group is illustrated in Figure 3A. According to the 
probability distribution fitting of the histogram, it can 
be observed that the cross-sectional area of the fascic-
ular group followed the Beta distribution pattern. The 
probability density function curve is shown in the red 
curve in Figure 3A, and its probability density function 
is:

The cumulative probability distribution diagram 
of the fascicular group cross-sectional area is shown in 
Figure 3B. The blue curve refers to the actual cumulative 

Fig. 4. MicroCT images of fascicular groups A, B and C (A); the curve of area changes of fascicular groups A, B and C over 
spatial extension. 

Fig. 5. Histogram of probability density (A) and cumulative probability of fascicular group perimeter (B).
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probability density function curve of the fascicular 
group area, and the red curve denotes the cumulative 
probability density curve of Beta distribution, as illus-
trated in Figure 4:

*  The curve using Beta distribution extremely 
resembled the actual curve with a calculation error 
of 0.5%, meeting the requirement that the calcula-
tion error is less than 5%.

*  The cross-sectional area of the fascicular groupfol-
lowed Beta distribution. In general, the number 
of slender fascicular groups was the largest. The 

thicker the fascicular group, the smaller the 
number of fascicular group.

Correlation between cross-sectional area and extension 
of fascicular group
To explicitly display the area changes of a single fascicular 
group in the process of spatial extension, three fascicular 
groups were randomly selected from the specimen, as 
illustrated in Figure 4. In the specimen shown in Figure 
2A, the total number of scanning images is m = 522.

MicroCT images of three randomly selected fascic-
ular groups A, B, C were illustrated in In Figure 4A. In 
Figure 4B, the red curve denotes the area change curve 
of the fascicular group A, the yellow curve for the fascic-
ular group B, and the blue curve for the fascicular group 
C, respectively.

The discontinuity and fluctuation of the curve indi-
cated that the splitting or merging occurred at  this 
site, leading to sharp changes in the curve of the cross-
sectional area of the fascicular group. During the 
spatial extension of a single fascicular group, the range 
of area change is not significant, of which 83.3% of the 
cross-sectional area of a single fascicular group fluctu-
ated within a range of less than 1500pixels. The cross-
sectional area does not merely increase or decrease 
throughout the spatial extension of a single fascicular 
group, whereas it fluctuates at random regardless of the 
specific location.

Cross-sectional perimeter of single fascicular group
The statistical results of the cross-sectional perimeter 
of a single fascicular group were as follows without 
considering the perimeter of the fascicular group in the 
splitting and merging stages:

Fig. 6. Curve of perimeter variation of fascicular groups A, B and C during spatial extension.

Fig. 7. The maximum degree of circularity of single fascicular group 
in the 338th image.



76 Copyright © 2021 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Zhong et al: Fascicular groups on MicroCT images of peripheral nerve

The maximum cross-sectional perimeter of a single 
fascicular group is pmax = 455pixels , which occurred in 
the fascicular group with the maximum area and the 
perimeter in Figure 2A.

The minimum cross-sectional perimeter of a single 
fascicular group is pmin = 32pixels , which was detected 
in the fascicular group with the minimum area and 
perimeter in Figure 2B.

The average cross-sectional perimeter of a single 
fascicular group is pmean = 202.8pixels .

Histogram of the perimeter of fascicular group is 
illustrated in Figure 5A. According to the probability 
distribution fitting of the histogram, the cross-sectional 
perimeter of the fascicular group follows the normal 
distribution. The probability density function curve is 
expressed by the red curve, and the probability density 
function is:

   (2)

In which, the mean  = 202.8 and  = 104.56.

The histograms of the probability density and cumula-
tive probability of fascicular group perimeter are illus-
trated in Figure 5A-B. The blue curve represents the 
actual cumulative probability density function curve 
and the red curve denotes the normally distributed 
cumulative probability density curve.

As illustrated in Figure 5B, the red curve was 
extremely close to the blue curve with an actual error 
of 0.8%, meeting the requirement that the error should 
be less than 5%. According to the statistical analysis 
of  the fascicular group perimeter, the perimeter 
of a single fascicular group followed the normal distri-
bution. The number of fascicular groups with a perim-
eter adjacent to the mean value was the largest, which 
significantly differed from the area distribution pattern 

of a single fascicular group, suggesting that no inter-
action was observed between the area and perimeter 
of the fascicular group.

Correlation between perimeter and fascicular group 
extension
To clearly display the perimeter variation of a single 
fascicular group during the spatial extension, the results 
of three fascicular groups randomly selected from 
Figure 4A were illustrated in Figure 6.

In Figure 6, the perimeter changes of three fascicular 
groups in Figure 4A in the process of the spatial exten-
sion were represented in three different colors. The red 
curve denotes the perimeter change curve of fascicular 
group A, the yellow curve for fascicular group B, and 
the blue curve for fascicular group C.

The discontinuity and fluctuation of the perimeter 
curve of the fascicular groups indicated that split-
ting or merging occurred at this position, resulting in 
abrupt changes in the cross-sectional perimeter of the 
fascicular group. The variation range of the perimeter 
of a single fascicular group was relatively small in the 
process of  spatial extension, of which 78.87% of the 
cross-sectional perimeter of a single fascicular group 
fluctuated for less than a range of 150 pixels. The perim-
eter of a single fascicular group fluctuated at random. 
The perimeter change curve of the fascicular group was 
illustrated in "H" position in Figure 6. The three curves 
within the “H” region were the obtained curves after the 
fascicular group merging or splitting, which presented 
with a rapid decline and then tended to stabilize. Similar 
situations could be obtained by analyzing the varia-
tion curves of the perimeter of other fascicular groups 
in the process of spatial extension. This phenomenon 
suggested that when the fascicular group was split or 
merged, the cross-sectional area of the fascicular group 
would stabilize immediately after the step change was 
completed, while the cross-sectional perimeter of the 

Fig. 8. Identification and development of the single fascicular group with the minimum degree of 
circularity. The minimum degree of circularity in the 260th scanning image (A); the new fascicular 
group developed into a normal fascicular group in the 310th scanning image.
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fascicular group would stabilize after a period of exten-
sion after the step change. After a step change, the cross-
sectional perimeter of the fascicular group entered 
a stable extension stage with 25-35 scanning intervals. 
In this study, since the scanning interval between two 
images had been set to 5 μm when performing MicroCT 
scanning, the actual extension distance of the cross-
sectional perimeter of the fascicular group after step 
change was calculated as (25~35)×5=(125~165) μm.

Cross-sectional degree of circularity of single fascicular 
group
Without considering the splitting and merging stages 
of  the fascicular group, the statistical results of the 
cross-sectional degree of circularity of the single 
fascicular group were as follows: the maximum cross-
sectional degree of circularity of the single fascicular 
group was: cmax-1.119, which occurred in the 338th 
image (Figure  7). According to the equation (6), the 
maximum degree of circularity can be obtained when 
the area is large and the perimeter is small.

The minimum cross-sectional degree of circularity 
of  a single fascicular group was: cmin=0.3125 in the 
260th image. As illustrated in Figure 8A, the fascicular 
group was slender and long in shape and split from the 
right fascicular group. It was difficult to perceive it as 
a fascicular group early after splitting. However, after an 
extension of approximately 50-unit scanning distance, 
the new fascicular group grew into a normal fascicular 
group in the 310th scanning image, as shown in Figure 
8B. In this investigation, the scanning interval was set 
to 5 μm when acquiring the MicroCT scanning images. 
The new fascicular group completed the splitting 
process after a spatial extension for 50×5=250 μm. The 
mean degree of circularity of single fascicular group 
was cmean=0.8987.

Histogram of the degree of circularity of fascicular 
groups was illustrated in Figure 9A. According to the 
probability distribution fitting of the histogram, the 
degree of circularity of fascicular groups followed the 
t distribution pattern with scale/position parameters, 
and the probability density function was as follows.

   (7)

in which, (*) is gamma function,  = 1.405,  = 
0.0293 and  = 0.923.

The cumulative probability density curve of the degree 
of circularity of fascicular groups was shown in Figure 
9. The blue curve refers to the actual cumulative prob-
ability density function curve of the cross-sectional 
degree of circularity of the fascicular group, and the 
red curve represents the cumulative probability density 
curve of the fitted t distribution with scale/position 
parameters. As illustrated in Figure 9B, the two curves 
were relatively similar. The actual error was 3.06%, 
meeting the requirement that the error was less than 
5%.

Correlation analysis between cross-sectional degree 
of circularity and extension of single fascicular group
To explicitly display the changes of cross-sectional 
degree of circularity of a single fascicular group in the 
process of spatial extension, three fascicular groups in 
Figure 5A were taken as an example to show the results 
in Figure 10. The red curve refers to the degree of circu-
larity change curve of fascicular group A, the yellow 
curve for fascicular group B, and the blue curve for 
fascicular group C.

Fig. 9. The probability distribution of degree of circularity of fascicular groups; histogram of probability density of degree 
of circularity (A); cumulative probability of degree of circularity (B).
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The discontinuity and fluctuation in the change 
curve of the degree of circularity of fascicular groups 
indicated that splitting or merging occurred at this posi-
tion, resulting in sudden changes in the degree of circu-
larity of fascicular groups. During the process of the 
spatial extension of a single fascicular group, the varia-
tion range of degree of circularity was extremely small, 
97.2% of the cross-sectional degree of circularity of the 
fascicular groups fluctuated around the mean value. 
The degree of circularity fluctuated at  random. The 
three curves within the “T” region in Figure 10 were 
the obtained curves after the fascicular group merging 
or splitting, which presented with a rapid increase 
and subsequently tended to stabilize. Considering 
the change curves of fascicular group area, perimeter, 
and degree of circularity, the fascicular group firstly 
presented with a long strip shape during splitting or 
merging, similar to the shape of the fascicular group 
marked “cmin” in Figure 8A, and then gradually resem-
bled a circle shape.

DISCUSSION
Nerves are essential channels through which the human 
body can control limb movements and transmit limb 
sensory signals. Quantitative measurement and anal-
ysis of morphometric parameters of fascicular groups 
can provide an important basis for the clinical repair 
of nerves and diagnosis and treatment of neurological 
diseases.

In terms of quantitative measurement and analysis 
of morphometric parameters of nerve and interior 

structures, Liu YC et al. have conducted quantitative 
measurement of nerve cells and myelin sheaths under 
a microscope (Liu et al. 2012). Li QL et al. have adopted 
molecular hyperspectral imaging technology to process 
the spinal nerves, obtain the microscopic images 
of nerve fibers, and extract morphometric parameters, 
such as myelin thickness and myelin area of nerve fibers 
(Liu et al. 2012). Scholars have quantitatively measured 
the morphometric parameters of a facial nerve adjacent 
to  the fetal temporal bones. Irmina Jankowska-Lech 
et al. have measured the thickness of the peripapil-
lary retinal nerve fiber layer (RNFL) (Jankowska-Lech 
2019). In this study, the basic morphometric parameters 
of  fascicular groups in the peripheral nerves, such as 
area, perimeter, and degree of circularity were quantita-
tively measured to obtain the overall probability distri-
bution pattern of these parameters. By comparison, 
previous researches mainly focused on the microscopic 
level and had little association with the clinical diag-
nosis of peripheral nerve diseases. With the deepening 
research of this study, the diagnosis of peripheral nerve 
diseases can be determined by observing that whether 
the morphometric parameters of fascicular groups 
inside the peripheral nerves conform to statistical 
patterns. Therefore, the findings in the present investi-
gation are of great clinical significance for the diagnosis 
of peripheral nerve diseases.

Regarding the correlation study of nerves, Shumoos 
Al-Fahdawi et al. have constructed the variation law 
of morphometric parameters, such as length, density, 
curvature, and thickness of optic nerve during the 
process of spatial extension, and also investigated the 

Fig. 10. Degree of circularity curves of fascicular groups A, B and C along the spatial 
extension of fascicular groups.
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error between these formulas and the actual situations 
(Al-Fahdawi et al. 2016). Talas et al. have explored the 
correlation between the length of the facial nerve and 
fetal weeks based on quantitative measurement of facial 
nerves (Talas et al. 2019). Irmina Jankowska-Lech et al. 
have established the correlation between peripapillary 
retinal nerve fiber layer (RNFL) thickness and neuro-
degenerative diseases (Jankowska-Lech 2019; Talas et 
al. 2019; Bikis et al. 2018a; Bikis et al. 2018b). In this 
article, according to the sequence of MicroCT scanning 
images, the values of cross-sectional area, perimeter, and 
degree of circularity of different fascicular groups were 
comprehensively measured and integrated to obtain 
the variation curves of basic cross-sectional morpho-
metric parameters of fascicular groups along with the 
spatial extension of fascicular groups. Consequently, 
the correlation between the cross-sectional area, perim-
eter, and degree of circularity of fascicular groups and 
spatial extension could be obtained. The experimental 
results obtained from different specimens demon-
strated that the cross-sectional area of the fascicular 
groups remained basically unchanged within the range 
of 3 mm, which was not significantly correlated with 
the extension of fascicular groups. However, the cross-
sectional areas of the nerve and fascicular groups were 
smaller adjacent to the nerve end. It can be reasonably 
inferred that the cross-sectional area of the fascicular 
group does not gradually decrease during the spatial 
extension of the fascicular groups to the distal end, 
whereas it is likely that the cross-sectional area of 
the fascicular group suddenly decreases in a splitting 
manner. To our best knowledge, this is the first study 
to investigate this phenomenon, which has not been 
reported before.

In this investigation, the statistical pattern of the 
basic morphometric parameters of the fascicular 
groups inside the peripheral nerves was evaluated, 
and the variation pattern of these parameters of the 
fascicular groups in the process of the spatial exten-
sion was presented from the perspective of correlation 
analysis. Significantly different from previous studies, 
these findings in the present study are of great clinical 
significance for modifying the surgery of peripheral 
nerve injury. Due to limited experimental conditions, 
the sample size in this study is still relatively small. The 
results obtained from this study remain to be validated 
by subsequent investigations with large sample size.

In addition, the area, perimeter, and degree of 
circularity are the basic morphometric parameters for 
the quantitative description of fascicular groups. In 
this study, morphometric parameters, such as cross-
sectional area, perimeter, degree of circularity of each 
fascicular group on each peripheral nerve MicroCT 
image were obtained through image processing and 
calculation, and then the maximum, average, and 
minimum values of these parameters of fascicular 
groups in the spatial extension process were statisti-
cally analyzed, and the correlation between these basic 

morphometric parameters and the spatial extension 
of fascicular groups was evaluated. First, the cross-
sectional area of fascicular groups obeys the Beta distri-
bution pattern. Small area fascicular groups account 
for the dominant proportion. The cross-sectional 
area of fascicular groups is negatively associated with 
the number of fascicular groups. The larger the area 
of the fascicular group is, the smaller the number of 
fascicular groups is. Nevertheless, no significant corre-
lation has been observed between the cross-sectional 
area and the spatial extension of the fascicular groups. 
Second, the cross-sectional perimeter of the fascicular 
groups follows the normal distribution pattern. The 
cross-sectional perimeter of the fascicular groups will 
not stabilize immediately after the fascicular group 
splits or merges, but tends to stabilize after extending 
for a certain distance. During this period, the cross-
sectional perimeter of the fascicular group is gradu-
ally converging, and the cross-sectional area of  the 
fascicular group has not been significantly changed, 
suggesting that after the fascicular group splitting or 
merging, the fascicular group tends to acquire a larger 
area and has higher capability against injury under 
the condition of occupying the same volume of tissue 
materials. Third, the cross-sectional degree of circu-
larity of  the fascicular group obeys the t distribution 
pattern with scale/position parameters. Corresponding 
to the cross-sectional perimeter of the fascicular group, 
the degree of circularity of the fascicular group tends 
to approach the average value merely after the fascicular 
group has split or merged. Forth, in the process of the 
peripheral fascicular group extending to the extremity, 
the cross-sectional area of the fascicular group is not 
gradually reduced, and it is likely to suddenly decrease 
in a splitting manner.

In conclusion, to our best knowledge, this is the first 
study to quantitatively measure the basic morphometric 
parameters of fascicular groups within the peripheral 
nerves and obtain the statistical rules, reveal the general 
rules of the basic morphometric parameters of fascic-
ular groups in the process of spatial extension, which 
provide a pivotal basis for the repair of peripheral 
nerves and the diagnosis and treatment of neurological 
diseases and are of academic value and significance.

CONCLUSION
In conclusion, this is the first study to quantitatively 
measure the basic morphometric parameters of fascic-
ular groups within the peripheral nerves.  The results  
uncovered the general rules  associated with  basic 
morphometric parameters of the fascicular groups in 
the process of spatial extension. The findings obtained 
from this study  provide a pivotal basis for the repair 
of peripheral nerves. Therefore, these findings are not 
only of academic significance but also are valuable for  
the diagnosis and treatment of neurological diseases.  
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