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[Purpose] This study was performed to investigate the histological changes that occur in the periphery

of the sciatic nerve in rats undergoing knee immobilization. [Subjects and Methods] 29 male 9-week-old Wistar
rats were divided randomly into a control group (C group, n = 7) and an immobilized group (I group, n = 22). The
animals in the I group had the left knee joint immobilized in maximal flexion with plaster casts for two weeks. After
the experimental period, we obtained cross-sections of tissues from the center of the left thigh, and the periphery of
the sciatic nerve was observed under an optical microscope after hematoxylin-eosin staining. [Results] In contrast
to the rats of C group, the rats in I group showed adherence between the bundle of nerve fibers and perineurium, as
well as thickening of the perineurium. These histological changes were statistically significant. [Conclusions] Im-
mobilization of the knee joints of rats resulted in characteristic histological changes in the connective tissue around

the sciatic nerve.
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INTRODUCTION

Joint contracture occurs when joint movements are re-
duced, such as by immobilization of a joint with a plaster
cast, orthosis, or after prolonged bed rest. Several condi-
tions limit the range of motion (ROM) of joints, including
cerebrovascular diseases, neuromuscular diseases, bone
and joint diseases, and various other diseases.

Contracture may be classified into three groups: arthro-
genic, myogenic, and soft tissue"). Arthrogenic contracture
is caused by immobility caused by damage and inflamma-
tion of cartilage, synovial tissue, and joint capsule. Myo-
genic contracture may be due to intrinsic and/or extrinsic
causes. Soft tissue contracture occurs because of patho-
logical shortening of connective tissue, including the skin,
subcutaneous tissue, tendons, and ligaments. Examples of
intrinsic causes include trauma, inflammation, degenera-
tive changes, and ischemia. Examples of extrinsic causes
include spasticity, flaccid paralysis, malpositioning, and
immobilization.

Many investigators have studied the pathogenesis of
contracture in dogs, monkeys, rats, and other experimental
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animals. These studies provided evidence of a relationship
between the period of immobilization and ROM limitation
factors, and changes in joint components and soft tissue, in-
cluding muscle and skin. In addition, decreases in mobility
and plasticity of the nervous system are considered to cause
ROM limitation?. Nervous system mobilization is used as
a physical therapeutic approach to improve such conditions.
It uses palpation or joint movements to initiate physical or
physiological changes in blood flow or the axonal flow of
nerves, aiming to improve the plasticity of the nerve. In
addition, nervous system mobilization has been reported
to be effective at improving ROM limitation and pain, and
induces the largest longitudinal excursion of the nerve rela-
tive to its surrounding structures without being associated
with a potentially detrimental increase in nerve strain*©),
On the other hand, there is no evidence that mobilization of
neural tissue, independent of other anatomical structures,
would be feasible in living people, or that nervous system
mobilization is effective in the treatment of musculoskeletal
dysfunction. Therefore, it is still unclear whether nervous
system mobilization is effective’ !9,

As stated above, nervous system mobilization is used
to improve ROM limitation and other conditions, but the
changes that it causes in the nerves and the periphery in
contracture arising from secondary disabilities or pro-
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longed bed rest remain unclear. In addition, there is no
evidence that nervous system mobilization is effective. The
present study was performed to determine changes in the
tissue located in the periphery of the sciatic nerve during
contracture in an animal model.

SUBJECTS AND METHODS

Male Wistar rats (9 weeks old, n =29, weight 240 — 280 g)
were divided randomly into a control group (C group, n =
7) and immobilized group (I group, n = 22), and were kept
in plastic cages for 2 weeks. The rats had unlimited activity
in the cage and free access to food and water. The animal
room was maintained at a constant temperature of 22 °C,
and the animals were maintained under a 12-h light/dark
cycle to avoid effects arising from the biological rthythm of
the rats. This experiment was performed in accordance with
the Guidelines for the Care and Use of Laboratory Animals
of Kanazawa University and the protocol for this experi-
ment was approved by the Animal Research Committee of
Kanazawa University.

Rats in I group had the left knee joint immobilized for 2
weeks in the posture of maximum flexion with a plaster cast
of our own making and aluminum wire netting. The casts
were applied under deep anesthesia induced by intraperito-
neal injection of pentobarbital sodium (40 mg/kg) (Fig. 1).
Care was taken to avoid disturbance of blood flow to the hip
and ankle joints due to pressure from the cast. During the
immobilization period, wounds and edema were prevented
and if the plaster cast came off immobilization was repeated
again as soon as possible. Animals in C group were given

Fig. 1. Immobilization model

food ad libitum, and had no restrictions placed on their mo-
bility.

At the end of the immobilization period, the rats were
euthanized with diethyl ether and both hip joints were dis-
articulated immediately. The joint tissue was fixed with
10% formalin neutral buffer solution for 72 h decalcified in
EDTA at 4 °C for 72 h. After decalcification, the specimens
were cut vertically at the center of the femur and neutralized
with 5% sodium sulfate for 72 h, and then embedded in par-
affin. The embedded paraffin blocks were cut into sections
at a thickness of 3 pm. The tissue sections were stained with
hematoxylin-eosin (HE).

We examined the periphery of the sciatic nerve under an
optical microscope (BXS51; Olympus). The histopathologi-
cal findings were independently confirmed by three inves-
tigators.

Data for adherence and thickening were analyzed using
Fisher’s exact test. The software program JMP7 (SAS Insti-
tute Japan Inc.) was used for statistical analyses, and values
of p < 0.05 were accepted as statistically significant.

RESULTS

In C group, the bundle of nerve fibers tended to separate
from the perineurium, and a space was clearly observed be-
tween the bundle of nerve fibers and the perineurium (Fig.
2 and Table 1). Conversely, in the rats of I group, strong ad-
herence between the bundle of nerve fibers and perineurium
was observed in 19 of 22 animals (Fig. 3 and Table 1), and
thickening of the perineurium was detected in 20 of 22 of
these rats (Fig. 3 and Table 2). These histological changes
were statistically significant (p < 0.01).

DISCUSSION

Generally, peripheral nerves consist of several bundles

Table 1. Adherence between the bundle of nerve fibers and

perineurium
No. No.
adherence non-adherence
C group (n =7) 0 7
1 group (n =22) 19 3

Fig. 2. Sciatic nerve in C group. The perineural space (black arrows) can be
seen between the bundle of nerve fibers and the perineurium (dotted
arrows). Scale bar: A: 500 um, B: 200 pm.



of nerve fibers. In these bundles of nerve fibers, each nerve
fiber, including the Schwann cells enveloping it, is sur-
rounded by endoneurium that consists of areolar connective
tissues containing blood vessels. Each bundle of nerve fi-
bers is covered by perineurium, which is a dense layer com-
posed of collagenous connective tissue enveloped by 7 or 8
layers of squamous epithelial-like cells'). There is a space
between the perineurium and the bundle of nerve fibers, but
there have been no previous anatomical descriptions of this
space. Peripheral nerves consist of more than one bundle of
nerve fibers and the epineurium consisting of areolar con-
nective tissues. The bundles of nerve fibers are combined
with each other and form a nerve trunk, with a cylindrical
strong connective tissue sheath!?.

The sciatic nerve is the largest nerve in humans and rep-
resents most of the nerve fibers forming the sacral plexus.
The sciatic nerve is derived from spinal nerves L4 through
S3. This nerve descends into the posterior compartment of
the thigh from the gluteal region through the greater sci-
atic foramen. Proximal to the knee, and sometimes within
the pelvis, the sciatic nerve divides into its two terminal
branches, the tibial nerve and the common fibular nerve. It
innervates all muscles in the posterior compartment of the
thigh, lower leg, and foot, as well as most of the skin of the
lower leg and foot'>~!9). The spinal nerves in the rat consist
of 34 pairs of nerves: 8 cervical, 13 thoracic, 6 lumbar, 4
sacral, and 3 caudal. Typical plexuses are formed in the cer-
vical, brachial, and lumbosacral regions. The sacral plexus
in the rat is more limited in the extent of its origin than the
human one. It is formed by the fifth, and the adjacent parts
of the fourth and sixth lumbar nerves. The sciatic nerve di-
vides into its two terminal components, the common fibular
nerve and the tibial nerve, which in their course through
the thigh cross the obturator externus, quadratus femoris,
and adductor magnus, lying between these muscles and bi-
ceps femoris, until they reach the popliteal fossa where they
separate. As described above, the sciatic nerve tract in the

Table 2. Thickening of the perineurium

No. No.
thickening non-thickening
C group (n=7) 0 7
1 group (n =22) 20 2
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rat is almost the same as in humans'®.

The nervous system adapts to lengthening in two ways,
“movement” and “elongation”? ?. Movement may be con-
sidered as gross movement or movement occurring intra-
neurally between the connective tissues and the neural tis-
sues. Gross movements refer to movement of the system as
a whole in relation to the connective tissue interface. A pe-
ripheral nerve sliding through a tunnel, such as the median
nerve, is a clear example of this type of gross movement. In-
traneural movement refers to movement of the neural tissue
elements in relation to the connective tissue interfaces. The
brain or the spinal cord can move in relation to the dura ma-
ter and a fascicle can slide in relation to another fascicle in
peripheral nerves. On the other hand, elongation is like elas-
tic gum and the nervous system adapts to joint movement
by increasing intraneural pressure or intradural pressure.
The looseness of nerve fibers, epineurium, and perineurium
decrease as the nerve is elongated. The epineurium is only
slightly involved in resisting elongation of the nerve, and
resistance is mainly offered by the perineurium. Reductions
in these adaptations induce limitation of ROM, pain, and
neurological symptoms. Generally, nervous system mobili-
zation can increase the mobility of the nerve by improving
the motility and extensibility of the nervous system when
movement and elongation are reduced due to the influence
of various factors, but there is no histological evidence of
such an effect.

In this study, a space was observed between the bundle
of nerve fibers and the perineurium of the sciatic nerve in
the C group. It is possible that this space is an artificial his-
topathological image caused by differences in the rate of
contraction between the bundle of nerve fibers and perineu-
rium tissue in the process of specimen preparation. Howev-
er, in I group this space was not observed, so, we considered
it unlikely that this was an artificial image appearing only
in I group.

There have been no anatomical descriptions of this space
and it has not been the focus of prior study. However, in
pancreatic cancer, gastric cancer, and prostate cancer, the
invasion of cancer tissue into this space (perineural inva-
sion) has been seen; therefore, this space has attracted at-
tention and is known as the “perineural space.” Watanabe'”
reported that cancer cells do not invade bundles of nerve
fibers, but scatter along loose connective tissue in the peri-
neurium. The results of experimental and clinical studies

Fig. 3. Sciatic nerve in I group. Adherence between the bundle of nerve fibers
and the perineurium (black arrows), and thickening of the perineurium
(dotted arrows) were observed. Scale bar: C: 500 um, D: 200 pm.
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indicate that the perineural space is independent of the lym-
phatic system and there is no traffic between the two'$: 1),
In addition, Miyazaki®? reported that perineural invasion
shows continuous tumor spread, unlike lymphatic invasion
and vein invasion, and there is no flow in the perineural
space, unlike lymphatic and blood vessels. As mentioned
above, it is clear that there is a space between the bundle
of nerve fibers and the perineurium of autonomic nerves.
However, there have been no previous reports of its pres-
ence in somatic nerves and its physiological significance
remains unknown. Further studies and descriptions of the
perineural space have not been reported to date.

In C group, the bundle of nerve fibers separated from
the perineurium physiologically, and there was a perineu-
ral space in the periphery of not only the autonomic nerve,
but also the somatic nerve. On the other hand, there was
no perineural space in I group: the bundle of nerve fibers
tended to make contact with the perineurium, and there was
the possibility of adhesion between the two. With regard to
this adhesion, if the perineurium functions as a buffer be-
tween the bundle of nerve fibers and the peripheral tissue of
the nerve, it is possible that this adhesion decreased the mo-
bility and plasticity of the bundle of nerve fibers. Thomas?"
reported that the perineurium acts as a mechanical barrier
to external forces, and Sunderland?®? reported that it was
the structure most resistant to tensile forces. We suggest
that thickening disturbs these functions of the perineurium,
causing a decrease in the buffer function and the mobility
and plasticity of the nerve. This is the first study to examine
the changes in the periphery of nerve tissue after joint im-
mobilization with histopathological observations.

In conclusion, abnormal histopathological images were
observed in not only the joint components and soft tissue,
but also in the peripheral tissue of nerves in the rat knee
joint contracture model indicating joint immobilization
may affect the peripheral tissue of nerves.

ACKNOWLEDGEMENT

We would like to thank the staff of the Division of Can-
cer Medicine, Morpho-Functional Pathology, at Kanazawa
University, for their technical and scientific advice.

2)
3)

4)

5)

6)

7
8)

9)

10)

11)
12)

13

=

14

=

15

=

16

=

17

-

18)

19)

20

=

21)

22

-

REFERENCES

Halar EM, Bell KR: Rehabilitation Medicine Principles and Practice. 3rd
ed, Philadelphia: JB Lippincott-Raven, 1988, pp 1015-1034.

Saito A: Manual therapy for pain: nervous system mobilization. J Phys
Ther, 2006, 23: 191-194.

Butler DS, Jones MA: Mobilisation of the nervous system. Philadelphia:
Churchill Livingstone, 1991.

Rozmaryn LM, Dovelle S, Rothman ER, et al.: Nerve and tendon glid-
ing exercises and the cosevative management of carpal tunnel syndrome. J
Hand Ther, 1998, 11: 171-179. [Medline] [CrossRef]

Coppieters MW, Barthholomeeusen KE, Stappaerts KH: Incorporating
nerve-gliding techniques in the conservative treatment of cubital tunnel
syndrome. J Manipulative Physiol Ther, 2004, 27: 560-568. [Medline]
[CrossRef]

Coppieters MW, Alshami AM: Longitudinal excursion and strain in the
median nerve during novel nerve gliding exercises for carpal tunnel syn-
drome. J Orthop Res, 2007, 25: 972-980. [Medline] [CrossRef]

Di Fabio RP: Neural mobilization: the impossible. J Orthop Sports Phys
Ther, 2001, 31: 224-225.

Scrimshaw SV, Maher CG: Randomized controlled trial of neural mobili-
zation after spinal surgery. Spine, 26: 2647-2652. [Medline] [CrossRef]
Akalin E, Peker O, Senocak O, et al.: Treatment of carpal tunnel syndrome
with nerve and tendon gliding exercises. Am J Phys Med Rehabil, 2002,
81: 108—113. [Medline] [CrossRef]

Brininger TL, Rogers JC, Holm MB, et al.: Efficacy of a fabricated cus-
tomized splint and tendon and nerve gliding exercises for the treatment
of carpal tunnel syndrome. Arch Phys Med Rehabil, 2007, 88: 1429-1435.
[Medline] [CrossRef]

Ito T: Histology. 19th ed, Tokyo: Nanzando, 2005.

Burkitt HG, Young B, Heath JW: Wheater’s functional histology: a text
and colour atlas. 3rd ed, New York: Churchill Livingstone, 1993.

Schiinke M, Schulte E, Schumacher U: Prometheus: Lernatlas der Anato-
mie, 2nd ed, Stuttgart: Thieme, 2011.

Gray H, Standring S, Borley NR: Gray’s Anatomy. 40th ed, Edinburgh:
Churchill Livingstone, 2008.

Okamoto M, Hirasawa K: Anatomy. 11th ed, Tokyo: Kanehara & CO.,LTD,
1982.

Greene EC: Anatomy of the rat. Philadelphia: American philosophical so-
ciety, 1963.

Watanabe T, Tanaka A: Histochemical studies on perineural invasion of
gastric cancer. Med J Kinki Univ, 1993, 18: 119-135.

Larson DL, Rodin AE, Roberts DK, et al.: Perineural lymphatics: myth or
fact. Am J Surg, 1966, 112: 488-492. [Medline] [CrossRef]

Rodin AE, Larson DL, Roberts DK, et al.: Nature of the perineural space
invaded by prostatic carcinoma. Cancer, 1967, 20: 1772-1779. [Medline]
[CrossRef]

Miyazaki I: Perineural invasion and surgical treatment of pancreatic head
carcinoma. J Jpn Surg Soc 1997, 98: 646—648.

Thomas PK, Peter JD: Peripheral neuropathy. 4th ed, Philadelphia: Else-
vier Saunders, 2005.

Sunderland S: Nerve and nerve injury. 2nd ed, Edinburgh: Churchill Liv-
ingstone, 1978.


http://www.ncbi.nlm.nih.gov/pubmed/9730093?dopt=Abstract
http://dx.doi.org/10.1016/S0894-1130(98)80035-5
http://www.ncbi.nlm.nih.gov/pubmed/15614243?dopt=Abstract
http://dx.doi.org/10.1016/j.jmpt.2004.10.006
http://www.ncbi.nlm.nih.gov/pubmed/17415752?dopt=Abstract
http://dx.doi.org/10.1002/jor.20310
http://www.ncbi.nlm.nih.gov/pubmed/11740347?dopt=Abstract
http://dx.doi.org/10.1097/00007632-200112150-00002
http://www.ncbi.nlm.nih.gov/pubmed/11807347?dopt=Abstract
http://dx.doi.org/10.1097/00002060-200202000-00006
http://www.ncbi.nlm.nih.gov/pubmed/17964883?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2007.07.019
http://www.ncbi.nlm.nih.gov/pubmed/5915292?dopt=Abstract
http://dx.doi.org/10.1016/0002-9610(66)90309-6
http://www.ncbi.nlm.nih.gov/pubmed/6058181?dopt=Abstract
http://dx.doi.org/10.1002/1097-0142(196710)20:10<1772::AID-CNCR2820201028>3.0.CO;2-#

