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SUMMARY:  Bone metabolism is influenced by different factors and muscle activity acts as a stimulator of bone plasticity.
Conditions such as nerve injuries can compromise bone physiology due to muscle inactivity. Preview studies have shown that nerve
damage reduces P substance and calcitonin gene-related peptides, also known as neuropeptides that may have a key role on bone healing.
Therefore, this study evaluated the osseointegration of hydroxyapatite implants in tibial defects of rats submitted to unilateral sciatic
nerve section. Twelve Wistar rats were divided into two groups (G1 and G2). In G1, the sciatic nerve was left intact and in G2 the left
sciatic nerve was completely sectioned. An experimental tibial bone defect was then created in both groups and filled with hydroxyapatite
granules. The animals were sacrificed 2 months after implantation and samples were submitted to macroscopic inspection and histological
analysis. Good radiopacity of the hydroxyapatite granules and radiographic definition of the bone defect were noted. Histologic analysis
revealed formation of new bone adjacent to the hydroxyapatite granules in G1 and, to a lesser extent, in G2 in which the proliferation of
connective tissue predominated at the implant site. The formation of new bone stimulated by hydroxyapatite in bone defects can be
expected even in animals with limb paralysis due to nerve injury; however, bone formation occurs at a slower speed in these animals and
the volume of newly formed bone is lower.
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INTRODUCTION

Spinal cord injuries predispose the patient to the
occurrence of different diseases, including disuse
osteoporosis due to alterations in calcium metabolism (Lee
et al., 1997) as a result of impaired function of the
neuromuscular system (Wilmet et al., 1995; Kocina, 1997).
The lack of weight bearing has serious consequences for the
skeleton, altering bone mineral density (Biering-Sorensen
et al., 1998; Demulder et al., 1998).

The clinical presentation of osteoporosis in paraplegic
patients with peripheral nerve injuries is the result of a
disproportional increase in bone resorption due to a lack of
balance between the activities of bone cells, leading to an
imbalance in bone remodeling (Brito et al., 2002). As a
consequence, bones become more fragile and the incidence
of bone fractures increases. Fractures accompanied by
intense bone mass loss generally require the use of natural
grafts such as autologous bone grafts.

Autologous bone grafts are frequently used in many
orthopedic procedures when bone loss is extensive. However,
the use of these grafts is associated with some disadvantages
such as donor site morbidity, limited supply, risk of bacterial
contamination and transmission of diseases, as well as
nonunion and poor bone quality. In view of these
disadvantages, other bone grafts and synthetic substitutes
have been tested as alternatives for bone reconstruction
(Babiker, 2013).

Synthetic bone substitutes have many advantages
over natural autologous grafts, such as easy sterilization,
unlimited availability of the amount necessary for bone
healing, and easy storage (LeGeros, 2008). An important
biomaterial that promotes significant osteoconduction during
bone healing is calcium phosphate. This ceramic has been
commercialized since the 1970s in the form of
hydroxyapatite and tricalcium phosphate and has received
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considerable attention in the fields of plastic, orthopedic,
oral-maxillofacial and dental surgery (LeGeros, 2008).

Hydroxyapatite (Ca5(PO4)OH) is a calcium
phosphate ceramic whose composition resembles that of
bone mineral. The material is biocompatible and non-toxic,
characteristics that render it well accepted by patients.
Hydroxyapatite can be produced for clinical use in the form
of blocks or granules and as porous or dense material. Some
investigators criticize the implantation of the dense type since
it does not promote bone growth into the material and of
hydroxyapatite blocks since they are difficult to model and
because of their fragility when submitted to a mechanical
load (Hönig et al., 1998). Porous granules are extensively
studied because they facilitate osteoblast infiltration and the
proliferation of blood vessels which are essential for the
regeneration process, adapt to the contour of the bone defect,
are chemically stable, can be produced in unlimited amounts,
and do not induce immune rejection in adjacent tissue Porous
hydroxyapatite granules therefore represent a good
alternative for bone regeneration (Sugata et al., 2011).

However, some factors that compromise bone
metabolism, such as hormone deficiency, diabetes (da Cunha
et al., 2011), smoking (Franco et al., 2013) and muscle
inactivity due to nerve injury, can interfere with the natural
fracture healing process. Therefore, the objective of the
present study was to evaluate the osteogenic capacity of
hydroxyapatite implanted into experimental left tibial defects
in rats with complete sectioning of the left sciatic nerve.

MATERIAL AND METHOD

Animals and study design. Twelve male Wistar rats (Rattus
norvegicus), 4 months old and weighing approximately 380
g, were used. The animals were divided into two groups of
6 animals each: group 1 (G1) consisted of animals submitted
to the creation of a bone defect in the left tibia implanted
with hydroxyapatite granules in which the sciatic nerves were
left intact; group 2 (G2) consisted of animals submitted to
the creation of a bone defect in the left tibia implanted with
hydroxyapatite granules in which the left sciatic nerve was
sectioned. The study was approved by the Ethics Committee
of the School of Medicine of Jundiaí (Protocol 98/2010).

Surgical Procedures: Complete sectioning of the left
sciatic nerve in G2. Animals of G2 were weighed and
anesthetized by intramuscular injection of ketamine
hydrochloride (Francotar, Sespo Ind. e Com., Jacareí, São
Paulo, Brazil) and xylazine hydrochloride (2% Virbaxyl,
Virbac Brasil Ind. e Com., São Paulo, Brazil) at a proportion

of 1:1 (dose of 0.10 mg/100 g body weight). After anesthesia
and sterilization of the surgical field, a skin incision was
made in the region of the left gluteus and the skin was
elevated to expose the gluteus maximus muscle. After
sectioning of this musculature, the left sciatic nerve was
exposed and a 0.4 cm fragment was removed (Fig. 1). Four
months after this procedure, the same animals were submitted
to another surgery to create a bone defect that was filled
with hydroxyapatite granules.

Bone defect creation. Animals of G1 and G2 were
anesthetized as described in the previous item. Next, a skin
incision was made in the anterior region of the left limb in
order to expose the anterior and proximal surface of the left
tibia. A bone defect was drilled in the left tibia with a 3.0
mm trephine drill coupled to the pen of a mini-motor until
the medullary canal was reached. The defect was then filled
with porous hydroxyapatite granules [Ca10(PO4)6(OH)2]
(GenPhos HA-TCP, Genius, Baumer S.A.) (Fig. 2). The skin
and musculature were repositioned and closed with 5-0
suture. The animals were sacrificed 2 months after bone
defect creation with an overdose of the anesthetic, followed
by CO2 inhalation. The left tibiae were removed for
morphological analysis of bone healing in the wound area.

Radiologic and Histologic Analysis. The samples were
radiographed with a Rigaku RU-200 apparatus using a focal
spot size of 0.8 x 0.8 mm and Kodak films (7.6 x 5.7 cm).
Next, the samples were submitted to routine histological
processing and semi-serial 5-µm cross-sections were cut and
stained with hematoxylin-eosin.

Fig. 1. Sciatic nerve section of the animal.
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Stereological and Statistical Analysis of the Volume of
Newly Formed Bone in the Wound Area. Newly formed
bone at the implant site was quantified using the following
formula: Vv = Pp/Pt(%), where Vv is the volume density or
relative density; Pp is the number of points (line intersection)
on newly formed bone, and Pt is the total number of points
of the system (Mandarim-de-Lacerda, 1999). The volume
of newly formed bone in the defect area was compared
between groups by Anova followed by the Tukey test, with
p<0.05 indicating a significant difference.

RESULTS

Radiologic Analysis. The hydroxyapatite granules were
condensed and exhibited good radiopacity. No absorption
or migration to distant areas was observed. Radiolucent
spaces were noted at some points along the defect margin
and between some hydroxyapatite granules, and were
suggestive of connective tissue infiltration. However, there
were no radiologic signs of pathological alterations,
indicating the biocompatibility of the hydroxyapatite implant
(Fig. 3).

Histologic Analysis. In animals of G1 and G2, new bone
formation was observed adjacent to the hydroxyapatite
granules, particularly those located deep in the bone defect
and near the medullar canal. The formation of new bone
was more intense in G1 as demonstrated by the observation
that some granules were completely encapsulated by new

bone. Considerable proliferation of connective tissue in the
bone defect area was observed in G2, especially around
hydroxyapatite granules located in the superficial part of the
bone defect. New bone was formed from the margins of the
bone defect and exhibited characteristics of mature bone in
some areas, including the presence of organized osteocytes.
However, a trabecular arrangement of the young immature
bone was noted in some areas, with the formation of cavities
filled with hematopoietic tissue. No pathological alterations
such as inflammatory processes, cysts or other signs
characteristic of immune rejection were observed (Fig. 4).

Stereology Analysis. The relative volume (% ± standard
deviation) of new bone in the defect area was 23.5±1.290 in
G1 and 12.75±1.707 in G2, with the difference being
significant (p < 0.05) (Fig. 5).

Fig. 2. Surgery for creating the defect in the tibia and filling with
hydroxyapatite.

DISCUSSION

In the present study, changes in bone metabolism
were induced in the animals by section of the left sciatic
nerve near its origin in the lumbar spine, causing paralysis
of the corresponding hind limb. Four months after this
procedure, the time interval expected for the occurrence of
tibial bone alterations, the animals were submitted to another
surgery for creation of a bone defect in the left tibia which
was filled with porous hydroxyapatite granules. The
objective was to evaluate the osteogenic process at the
implant site in response to abnormal bone homeostasis
induced by disuse due to sectioning of the sciatic nerve.

Fig. 3. Radiologic images. Note concentration of radiopacity of
the hydroxyapatite granules (ha).
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The results of macroscopic analysis showed no
difference in body weight between animals with and without
sciatic nerve injury, suggesting that skeletal unloading due
to muscle inactivity of the hind limbs did not contribute to
the loss of bone integrity demonstrated by histologic
analysis. Similar results have been reported by Offley et
al. (2005) who evaluated the contribution of capsaicin-
sensitive sensory neurons to the maintenance of trabecular

bone integrity. These authors also observed a loss of bone
mineral density in the tibial and femoral metaphyses of rats
4 weeks after capsaicin treatment. In the proximal tibia, the
number of osteoclasts increased on the surface, osteoblast
activity and bone formation were impaired, and the trabecular
bone volume and connectivity were reduced. There was also
a loss of bone strength in the distal femur. Thus, neuronal
damage seems to alter bone homeostasis, causing bone
resorption, reducing new bone formation and bone mass,
inducing the loss of trabecular bone integrity and bone
strength, and increasing bone fragility. These results support
the hypothesis that sensory neurons contribute to the
maintenance of trabecular bone integrity, which can be
explained by the fact that neuropeptides such as substance P
and calcitonin gene-related peptide (CGRP) are synthesized
by sensory neurons and released from peripheral nerve
terminals. A reduction in the levels of these local
neuropeptides in bone affects bone integrity (Maayan et al.
2001; Offley et al.).

Neuronal damage reduces the levels of substance P
and CGRP, neuropeptides involved in bone metabolism.
Bone loss occurs as a consequence of the reduction in
trabecular connectivity and cortical thickening, causing bone

Fig. 4. Morphologic analyses of area bone wound of groups G1 and G2. Note the new bone formation (*) adjacent to
hydroxyapatite granules (ha) in G1 (A). In G2 observed abundant connective tissue (tc) (B).

Fig. 5. Stereology analysis demonstrating the percentage of newly
formed bone.
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fragility. Studies have shown the rapid loss of trabecular
bone in the hind limbs of rats after unilateral sciatic nerve
transection, which was exacerbated by the chronic
administration of an antagonist of the substance P receptor
NK1 (Kingery et al., 2003). This experiment suggests that
the inhibition of substance P signaling may exert deleterious
effects on bone mass. Other studies also demonstrated the
regulation of bone metabolism by substance P and CGRP,
since nerve fibers containing these neuropeptides enter the
bone with blood vessels and terminate in the bone marrow,
exerting their bone homeostatic function.
Immunocytochemical studies have shown the presence of
the substance P receptor (NK1) on the plasma membrane
and in the cytoplasm of osteoclasts, osteoblasts and
osteocytes, and NK1 mRNA expression has been
demonstrated in osteoclasts. Furthermore, substance P can
increase osteoblastogenesis, inducing bone formation and
protein accumulation in bone cell cultures (Bjurholm et al.,
1992; Shih & Bernard, 1997; Goto et al., 1998; Adamus &
Dabrowski, 2001; Offley et al.; Togari, 2002). In contrast,
CGRP inhibits bone resorption in vitro (Imai & Matsusue,
2002), and increases cyclic AMP (Bjurholm et al.) and
intracellular calcium in osteoblasts (Kawase et al., 1995).

Other studies also showed that nerve injury
predisposes to the occurrence of osteoporosis as a result of
alterations in bone mineral metabolism caused by disuse due
to paralysis. The consequences are a reduction in the
mechanical stress on bones, a reduced stimulus for bone
neoformation by osteoblasts, and a disproportional increase
in bone resorption by osteoclasts, which render bone more
fragile and predispose to fractures that require natural or
synthetic grafts (Garland et al., 1992).

Since bone mineral density is the result of a dynamic
process of bone remodeling characterized by a balance
between bone formation and resorption and the latter depends
on muscle use, the healing of a bone defect can be
compromised in cases of paralysis due to nerve injury
(Creighton et al., 2001). Corroborating this observation, in
the present study stereology showed a marked and significant
reduction in the volume of newly formed bone in the wound
areas of animals with sciatic nerve section, which was almost
half the bone volume observed in animals with intact sciatic
nerves. Furthermore, considerable proliferation of connective
tissue adjacent to the hydroxyapatite granules was observed
in animals with sciatic nerve section, compromising the
osseointegration of this bioceramic and, consequently, bone
healing.

CONCLUSION

No adequate formation of new bone and
osseointegration of the hydroxyapatite implants was
observed in animals with sciatic nerve injury. These findings
suggest that the abnormal health conditions of bone tissue
with altered metabolism due to the lack of neuromuscular
stimulation resulting from peripheral nerve injury may
interfere with the velocity of bone neoformation during na-
tural bone regeneration in cases of traumas or congenital
defects accompanied by bone loss.
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RESUMEN: El metabolismo óseo está influenciado por diferentes factores y la actividad muscular como un estimulador de la
plasticidad ósea. Condiciones tales como lesiones nerviosas pueden comprometer la fisiología ósea debido a la inactividad muscular.
Estudios previos han demostrado que el daño nervioso reduce la sustancia P y el péptido relacionado con el gen de la calcitonina, también
conocidos como neuropéptidos que pueden tener un papel clave en la cicatrización ósea. Este estudio evaluó la oseointegración de los
implantes de hidroxiapatita en defectos tibiales de ratas sometidas a la sección del nervio ciático unilateralmente. Doce ratas Wistar se
dividieron en dos grupos (G1 y G2). En G1, el nervio ciático se dejó intacto y en el G2 el nervio ciático izquierdo fue completamente
seccionado. Un defecto óseo tibial fue creado experimentalmente en ambos grupos y se rellenó con gránulos de hidroxiapatita. Los
animales se sacrificaron 2 meses después de la implantación y las muestras fueron sometidas a inspección macroscópica y el análisis
histológico. Se observó buena radiopacidad de los gránulos de hidroxiapatita y definición radiográfica del defecto óseo. El análisis
histológico reveló neoformación ósea adyacente a los gránulos de hidroxiapatita en G1 y, en menor medida en G2, donde la proliferación
de tejido conectivo predominó en el sitio de implante. La neoformación ósea estimulada por hidroxiapatita en defectos óseos se puede
esperar incluso en animales con parálisis de los miembros producto de una lesión nerviosa; sin embargo, la formación de hueso se
produce a menor velocidad en estos animales y su volumen es menor.

PALABRAS CLAVE: Hidroxiapatita; Nervio ciático; Consolidación ósea.
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