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Abstract

Purpose: To evaluate the polymer doped rods behavior with bioactive glass and hydroxyapatite 
for possible application as a fracture fixing method. 
Methods: Twenty eight Rattus norvegicus Wistar underwent bone defect for access to the 
femoral medullary canal and distributed into three experimental groups: group A - doped castor 
bean polymer with bioactive glass; group B - castor bean polymer and; group C - castor bean 
polymer doped with bioactive glass and hydroxyapatite. After 15 and 60 evaluation days, the 
femurs were removed and sent for histology and scanning electron microscopy.
Results: Initially mild and moderate inflammatory infiltrate is observed that decreases as 
time goes by, and the presence of connective tissue capsule around the graft in all groups. 
Regarding the biomaterials resorption little was observed. The implanted rods did not favor the 
osteoconductive process in the femoral medullary canal which was observed only in the C15 
group.
Conclusion: The association of castor bean polymer, bioactive glass and hydroxyapatite was 
biocompatible and osteointegrable. The osteoconductive only occurred in the presence of 
hydroxyapatite and bioactive glass (C15 Group) and little biodegradation was observed.
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resistance and high fragility, which makes 
its use restricted. One way to improve this 
property is to associate it with other materials 
such as bioactive glass7.
 Thus, the aim of this study is to analyze 
the behavior of doped castor bean oil polymer 
rods with bioactive glass and hydroxyapatite 
in the femur medullary canal in mice to a 
possible application as a method for fractures 
fixation and bone repair.

 ■ Methods 

 All experimental procedures were 
approved by the Ethics Committee on Animal 
Use (CEUA) from Universidade Federal do 
Mato Grosso do Sul (UFMS) as protocol n# 
270/2010. 
 Twenty eight Rattus norvegicus were 
used, in albino Wistar lineage, with body 
weight ranging from 250 to 300 g. These 
animals were randomly divided into three 
groups according to the biomaterial used, 
Group A - implant composed of castor bean 
polymer doped with bioactive glass; Group B 
- implant composed of castor bean polymer 
and; Group C - implant consisting of castor 
bean polymer doped with bioactive glass and 
hydroxyapatite. Each group was divided into 
two subgroups according to the euthanasia 
period, at 15 and 60 days being namely: 
A15 and A60 Group and C15 and C60 Group 
composed of 05 animals in each group and 
B15 and B60 composed of 04 animals each.
 Intramedullary rods were prepared 
with three different compositions from the 
group. Group A castor bean polymer with 
concentration of 12% calcium carbonate and 
doped with 12% of bioactive glass; Group 
B castor bean polymer with concentration 
of 54% calcium carbonate (according to 
manufacturer’s instructions) and Group C 
castor bean polymer with concentration of 
8% calcium carbonate and doped with 8% of 

 ■ Introduction

 Intramedullary rods made of stainless 
steel or titanium have been widely used in the 
long bone fractures immobilization. However, 
there are many records of complications 
related to their use1.
 The technological advance has allowed 
the development of a great variety of material 
instruments for implant and techniques for the 
internal fixation of fractures in humans. In this 
way, the search for lighter, more resistant, low 
cost and biocompatible materials has grown2 
for more biological solutions and replacing 
artifacts such as wire rods and metal plates 
by bioreabsorbable polymers in the fractures 
treatment3.
 Among these polymers, polyurethane 
derived from castor oil has been outstanding 
because it is a low cost material developed in 
Brazil that has excellent structural properties, 
which has been shown to be biocompatible4, 
and for combining the versatility of the 
polymer formulation while addressing the 
global concern in the production of new 
biomaterial resources becoming one of the 
most studied5.
 Bioactive glasses have unique binding 
properties to the bone surface, their main 
characteristic being the ability to promote 
chemical bonding with hydroxyapatite and 
to act as a framework for bone growth6. 
The potentials of bone neoformation and 
mechanical resistance of bioactive glass were 
tested in several animals and in vitro studies, 
proving the promising potential as a bone 
substitute, because it is biocompatible, with 
bioactive and osteoconductive properties7.
 Hydroxyapatite is widely used to fill 
bone defect because it is biocompatible, 
reabsorbable and osteoconductive, that is, 
it serves as a framework for the migration 
of osteoprogenitor cells8. However, 
hydroxyapatite presents low mechanical 
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bioactive glass and 8% hydroxyapatite.
 After performing several pilot 
tests, the powder fraction (calcium 
carbonate, hydroxyapatite and castor 
bean polymer) used in group A and group 
C was determined in 24%. This amount, as 
well as the need of bioactive glass  group 
containing hydroxyapatite group, was the 
maximum possible to be employed so that 
the material reached the manipulable state 
and maintained the desired mechanical 
properties.
 The rods with approximately 0.7mm 
in diameter and 2cm in length were made 
by extrusion using 3ml syringes and 40x1,2 
needles. These implants remained standing 
for about 48 hours on a polyethylene plate 
for complete polymerization. Then, these 
rods were individually sterilized by ethylene 
oxide to be used  in the operative procedure.
 Initially, the animals were 
anesthetized with intraperitoneal injection 
of Zoletil in doses of 0.1 ml / 100g of body 
weight. Then, in the cortical bone, the 
femoral diaphysis drilling was carried out 
until the medullary canal using a drill of 0.7 
mm of diameter attached to an odontology 
back angle activated by low speed engine 
implant under constant saline irrigation. 
From this bone defect carried out in cortical 
bone an intramedullary rod was introduced. 
Postoperatively Butorphanol (Turbugesic®) 
analgesic and Flunixin anti-inflammatory 
were administered subcutaneously, both 
dose of 0.1 ml / animal.
 After 15 and 60 days of observation, 
the animals were euthanized by excessive 
injection of sodium pentobarbital anesthetic 
via intraperitoneal at a ratio of 100mg/ kg. 
After being checked the animal’s death 
an incision for careful dissection of the 
overlying soft tissue and the animals’ femurs 
disarticulation was performed. These parts 
were removed and sent for histological study.

 The segments intended for histology 
were fixed in 10% formalin, decalcified with 
Ethylene Diamino Tetra Acetate (EDTA) and 
processed for staining Hematoxylin and Eosin 
(HE).  
 The analysis of the behavior of the 
implanted material was performed using 
a qualitative-quantitative method for the 
analysis of the inflammatory infiltrate and 
the degradation of the material9, which the 
following classification was established: (0) 
absent; (1) 1/3 of the completed field; (2) 
2/3 of the field and filled; (3) greater than 
2/3 of the completed field. Regarding the 
neoformed bone trabeculae around or inside 
the implant and the connective tissue around 
the implants only the presence or absence 
thereof were analyzed. 
 Thus, for each group, the mean and 
standard deviation of the intensity levels 
of inflammatory infiltrate were calculated 
based on an intensity scale ranging from 0 to 
3 points. Then the means of the calculated 
points were also arranged in proportion to 
their presence in the microscopic field.
 The difference hypothesis for 
Inflammatory Infiltrate and also for Material 
Degradation was tested between groups A, 
B and C at times 15 and 60 days. The values 
were compared between the groups by 
the ANOVA test Factor a x b. The level of 
significance was determined as α = 0.05.
 Osteoconduction was identified 
through histological study, the hypothesis 
of dependence between the presence and 
absence of neoformed trabeculae for the 
groups and periods studied was tested using 
the G test and it was maintained the level of 
significance of p≤0.05.
 The scanning electron microscopy 
(SEM) was performed to analyze and 
characterize the morphology and structure 
of intramedullary rods (pores distribution 
and surface roughness).
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 ■ Results

 The photomicrographs performed for 
analysis of histological lesions of decalcified 
bone tissue according to each group exhibited 
in the medullary canal: A15 group - presence 
of amorphous brown staining material with 
formation of connective tissue around it. 
It exhibits mild mononuclear inflammatory 
cell infiltration and absence of neoformed 
trabecular bone; A60 group - amorphous 
material, light brown with deposition of 
connective organized tissue enveloping. It 
is observed the absence of inflammatory 
infiltrate and neoformed trabecular bone; 
B15 group – presence of amorphous pale 
brown material with deposition of connective 
tissue around the same, isolating it. It exhibits 
mild inflammatory infiltrate and absence 
of neoformed trabecular bone; B60 group 
- presence of amorphous light brown color 
material surrounded by connective tissue. It 
is also possible to be observed the presence 
of mild inflammatory infiltrate and absence 
of neoformed trabeculae bone; C15 group – 
presence of amorphous, light brown material 
with deposition of connective organized and 
vascularized tissue around the same. It also 
shows the presence of neoformed trabeculae 
bone inside the pores of the graft and moderate 
inflammatory infiltrate in the medullary canal; 
C60 group – presence of amorphous, light 
brown material surrounded by connective 
tissue. The absence of inflammatory infiltrate 
and neoformed trabecular bone (Figure 1).
 The implant behavior was evaluated 
by observing the biocompatibility, 
osseointegration, osteoconductive and 
biodegradability characteristics.
 Biocompatibility and osseointegration 
were evaluated by the formation of capsule of 
connective tissue around the implant and the 
presence of inflammatory infiltrate in the same 
area. In all groups, a connective tissue capsule 

was observed involving the implanted nail 
and mild to moderate inflammatory infiltrate, 
which decreased with time as time went by.

Figure 1 - Installation of histological lesions 
photomicrographs of bone tissue revealing: 
inflammatory infiltration (I), connective tissue 
capsule (C) amorphous material (MA) and newly 
formed trabeculae bone (TON) and protein material 
(MP). A15 refers to the group A15, A60 to the group 
A60, B15 to the group B15, B60 to the group B60, 
C15 to the group C15 and C60 to the group C60.

 The biodegradability of the polymeric 
material performed in this study was measured 
by the reduction of this material at the 
implantation site.
 The histological analysis results are 
shown in Tables 1 and 2.
 The osteoconductive was identified by 
histological study, the dependence hypothesis 
between the presence and absence of newly 
formed trabecular bone to the groups and 
periods studied was tested using the G test and 
keeping the significance level of p≤0.05.
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The values show a significant dependence 
on the presence or absence of newly formed 
trabecular bone (p=0.0288), indicating the 

presence trend only for the C15 group and 
did not present osteoconduction in the other 
groups (Table 3).

Table 1 - Infiltration intensity for groups A, B and C at times 15 and 60 days. Intensity scale 
ranging from 0 to 3 points. Values expressed as sum of points for the 4 fields of view.
Days GA GB GC P value
15 days 5 5 9

0.0733
60 days 1 3 2
P value 0.0002

Table 2 - Material degradation for groups A, B and C at times 15 and 60 days. Intensity scale 
ranging from 0 to 3 points. Values expressed as sum of points for the 4 fields of view.
Days GA GB GC P value
15 days 5 4 3

0.5459
60 days 9 5 6
P value 0.1542

Table 3 - Frequency of distribution according to the absence or presence of newly formed 
trabecular bone for groups A, B and C at times 15 and 60 days.

TON
Total

A15 B15 C15 A60 B60 C60
Absence 4 4 1 1 3 3 16
Presence 1 0 4 4 1 2 12
Total 5 4 5 5 4 5 28
P value 0.0288

 In SEM photomicrographs were 
taken with magnification of 100 and 250 
magnifications to characterize the morphology 
and structure of the castor bean polymer 
(pores and roughness distribution).
 The photomicrographs of pre-
implanted castor bean polymer rods revealed 
morphological differences between different 
groups analyzed.

 In group A which corresponds to castor 
bean doped polymer rods with bioactive glass 
it was observed moderate roughness and the 
presence of large quantities of varying sizes 
pores. The morphological structure of the 
castor bean polymer of the group B has little 
roughness and pores with diameters more 
regular and smaller compared to the previous 
group. But in the C group the surface is quite 
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rough with presence of pores with smaller 
diameters and in large quantities when 
compared with group A and B.

 ■ Discussion

 The biocompatibility of the castor bean 
polymer, that is, the acceptance of the organism 
concerning the implanted material without 
significant inflammatory focus signals and 
no foreign body granulomatous reaction was 
observed in this study in all groups and has been 
highlighted by several authors after implant in 
bone defects10,11.
 In this research it was initially noticed 
the presence moderate to mild inflammatory 
infiltrate that decreased with time elapsed, but 
this difference was not statistically significant 
in Group B. The results also demonstrate the 
formation of connective tissue capsule around 
the implanted material in 100% of animals 
evaluated in all the periods studied, thus there 
was no decrease in the presence of connective 
tissue capsule as time goes by. In contrast, 
Celeste et al.12, evaluated the tissue response 
to the implantation of polyurethane discs 
derived from castor bean oil in Wistar rats and 
observed that, initially, there was a moderate 
inflammatory reaction which decreased in 
intensity as the formation of fibrous connective 
tissue around the implants was intensified.
 The combination of hydroxyapatite 
and bioactive glass to the castor bean polymer 
did not cause difference in results regarding 
biocompatibility and the presence of initial 
inflammatory infiltrate decreased over time 
compared to the group that only the castor 
bean polymer was implanted.
 The inflammatory reaction found in this 
research is a natural feature in this regeneration 
phase10. The dense connective tissue found 
around the castor bean polymer in the early 
periods in all groups evaluated in this study 
should not be confused with that fibrous tissue 
responsible for isolating non biocompatible 
bodies. The main difference between these 

two is that the fibrous capsule is constituted 
by collagen fibers, while the dense connective 
tissue has in its composition both collagen 
fibers as a major cell population that may later 
differentiate into cells osteoprogenitress13,14.
 Compared to the initial inflammatory 
reaction that occurred in this work, it is 
considered as a natural defense mechanism of 
the body, as observed by Hamerschmidt et al.15 

who analyzed the hydroxyapatite action in bone 
regeneration in defects created in the mastoid 
rats and concluded that the hydroxyapatite was 
biocompatible without the formation of foreign 
body granuloma and presence of moderate 
inflammatory infiltrate, but it also occurred in 
the control group and it is therefore a normal 
reaction that occurs early in the bone tissue 
repair.
 Whereas the osteoconduction, which 
is characterized as the ability to drive or direct 
the neobone formation over and between 
the structure of the filling material, was not 
observed in most groups and, in particular, in 
the group where the rod is formed only with 
polymer, fact which differs from results found in 
the literature16,17, for example, Nacer et al.14 that 
evaluating the biological behavior of the castor 
bean polymer containing silica nanoparticles, as 
a bone substitute, and observed that there was 
bone growth in all groups, also diverging from 
the results of Costa et al.18 who concluded that 
hydroxyapatite, tricalcium phosphate-β and HA 
/ TCP-β association exhibit excellent bone repair 
capacity and can be used as bone substitutes.
 The porosity of the material favors 
the osteoconduction because it allows the 
tissue growth inside of19. The size and pore 
interconnectivity at the surfaces of biomaterials 
have a crucial influence on bone formation20.
 As also suggested by the results of Nacer 
et al.21, the adhesion and growth of bone tissue 
depends on the surface regularity. Fibroblasts 
seem to avoid the rough surfaces and accumulate 
in smoother regions. In contrast, macrophages, 
epithelial and osteoblastic cells adhere more 
easily to rough surfaces.



 

Behavior study of the doped castor bean polymer rod with bioactive glass and hidroxyapatite 
Santos VT et al.

Acta Cir Bras. 2017;32(2):116-124

122

 Despite the importance of porosity 
and roughness of the implanted material, the 
structural features found in the manufactures 
rods did not favor the osteoconductive implant 
process in the spinal canal.
 In the case of biodegradability, after 
60 days of biomaterials implantation, it was 
observed slight degradation or absorption 
of grafted material, in all groups, but this 
degradation was not statistically significant 
when compared to the initial evaluation period 
that was 15 days. These results corroborate 
the findings of Laureano Filho et al.10 who 
concluded that the castor bean polymer was 
little reabsorbed after 15 weeks of research 
comparing the action of demineralized bone 
from human origin and the castor bean polymer 
on bone healing in cavities made in 24 rabbits 
calvarial. As Pereira et al.22 evaluated through 
radiographic and histological examinations, 
the function of the castor bean polymer in 
bone defects performed in the shaft of rabbits 
radios and verified at 15, 30, 60 and 120 days 
of postoperative that the polymer castor bean 
acted as filler space, minimizing the production 
of fibrous tissue at the site and showed no signs 
of resorption in any of the evaluation times.
 The association of hydroxyapatite and 
bioactive glass in the graft did not influence 
statistically the degradation of the implant, 
similar to the result obtained by Duarte et al.23 

that after 60 days of filling with hydroxyapatite 
in vestibular surface, maintained a constant 
volume with bone formation and intense 
neovascularization. However, in relation to 
bioactive glass, Tiomis et al.24 did not notice 
their presence even after the same evaluation 
period, suggesting complete absorption.
 Finally, the ideal implant for fixing to 
lose its strength gradually, transferring the 
mechanical stress that is inherent to the fracture 
site being reabsorbed by the organism when 
this is not necessary, not being necessary a new 
surgery to remove it3. In the case of polymer 
rods implantation in the medullary canal, as in 
this experiment, the ideal is that this absorption 

is slow and gradual, so it can be effective in 
securing and stabilizing more extensive fractures 
that require a longer time to repair.

 ■ Conclusion

 Castor bean polymer associated 
with bioactive glass and hydroxyapatite in 
the medullary canal was biocompatible and 
osseointegrated when considered that there 
was not an intense inflammatory reaction 
nor fibrous tissue capsule formation isolating 
the implant. Castor bean polymer proved to 
be osteoconductive materials only in the C15 
Group, i.e. in the early periods of the presence 
of hydroxyapatite and bioactive glass. And, the 
biodegradability of the polymeric material, 
even when associated with bioactive glass and 
hydroxyapatite, was not observed in this study, 
because the presence of this material in the 
medullary canal was constant in all groups.
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