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Despite the interest in identifying systemic effects caused by the metallic particles released from long term 
metallic implants in the body, few works support reliable conclusions about the effects of those particles in organs. 
The aim of the present work is to look for damages in tissues of liver, kidney, lung and heart of rats submitted to 
injection of Hank’s solution contained particles of Ti6Al4V alloy and Stainless Steel 316L, obtained by metal 
friction. The particles size ranges from 50 to 200 µm for the Ti alloy and from 100 to 500 µm for the 316L. Tissues 
isolated from the organs after the euthanasia were prepared and analyzed in an optical microscope and Energy 
Dispersive Spectrometer (EDS). Lesions caused by an inflammatory response such as strange body epithelioid 
granuloma and giant cells were found in some of the tissues containing yttrium and aluminum.
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1. Introduction

The insertion of metallic implants in the human body is supposed 
to restore damaged structures in regions where a good mechanical 
resistance is essential1. Metallic implants are useful for many patients, 
although aseptic loosening is one of the long-term complications2. 
Those implants are well known to release metallic particles3, about 
0.15 µg.cm–2/day from corrosion process that accumulate in the 
periprosthetic tissue and are transported to organs far from the implant 
site4. For this reason, there is concern about the systemic effects that 
the metallic particles may cause.

Many clinical finds confirm the osteolysis as local effects of 
the particles released from implants, but little is known about its 
cumulative effects in organs because of the inherent difficulties in 
identification of those particles in patient organs and body fluids. 
Urban et al.5 demonstrate the importance of conducting studies on 
this issue. In their investigation, in the liver, spleen and abdominal 
para-aortic lymph nodes from twenty-nine dead patients who have 
had a total hip or knee replacement. Their finds reveal granulomatous 
inflammation in lymph node of seventeen patients, fibrosis in ten and 
the majority of para-aortic lymph node was stained black due to the 
high quantity of metallic particles. In one living patient, additionally 
studied, it was found epithelioid granulomatous consisting of epithe-
lioid macrophages and multinucleated giant cells in lymph nodes, liver 
and spleen with abundant particles released from the Ti6Al4V alloy. 
Although titanium alloys are considered more biocompatible and cor-
rosion resistant than other metallic biomaterials, there are evidences 
that there is no difference between stainless steel and titanium alloys 
regarding its metallic particles release and immune-inflammatory 
reactions when in contact with the tissues6.

Although there are many difficulties in analyze tissue from organs 
of patients, few works presents studies on the systemic effects of the 
particles using animal models because it is hard to simulate the effects 

on the human body accurately. However, there is a consensus that 
injection of metallic particles in peritoneal region of rats can be helpful 
to simulate the host response to implant debris in human beings7.

The purpose of this study was to determine the prevalence of 
produced particles of stainless steel 316L and Ti6Al4V alloy in 
liver, kidney, lung and heart of rats and analyze its histopathologi-
cal response, intended to contribute to understanding the impact of 
metallic particles released from implants in the organism.

2. Materials and Methods

To produce the particles, two billets in Ti6Al4V alloy and two 
in stainless steel 316L were machined in order to fit one piece in the 
mandril of a drilling machine and other in a tool that avoided the 
clockwise rotation caused by the friction against the piece fixed on the 
mandril. During the friction process that occurred inside a stainless 
steel container, the pieces were maintained immersed in a solution 
composed by deionized water and 5 µg.mL–1 of despacilin (antibiotic) 
400 mg, to avoid contamination of the solution and, consequently, of 
the animals. The room temperature was kept in 20 °C.

The two pieces of the same alloy were frictioned against each 
other until about 1.000 g (±0,001g) of particles was obtained. The 
particles were separated from the solution by filtration using a Büch-
ner funnel and 28 µm filter paper and dried in a laboratory oven. A 
sample of the particles was visualized in scanning electron micro-
scopy (SEM), Figure 1, in order to assess the shape and size of the 
particles from each alloy. The size of the particles was determined 
by the Martin diameter method using the SEM images, and in order 
to evaluate the size dispersion it was determinate the coefficient of 
variation (CV).
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Table 1, mostly composed by strange body epithelioid granuloma, 
Figure 2, found in the tissue isolated from the heart of an animal in-
jected with Ti6Al4V alloy particles. The Table 1 presents the results 
of the five samples.

The same granuloma and giant cells, Figures 3 and 4, were 
present in samples isolated from the liver, heart and lung of three 
different rats in which it was injected stainless steel 316L particles. 
In the control group was found an epithelioid granuloma in the liver 
tissue of one of the rats, Figure 5. It was not found any lesions in the 
samples collected from the kidney of the animals.

Through the EDS test of the lesioned tissues, was identified 
yttrium in the sample isolated from the liver of a rat injected with 
stainless steel 316L particles, Figure 6, and aluminum from the sample 
isolated from the heart of a rat injected with Ti6Al4V alloy particles, 
Figure 7. Only chemical elements generally present in the body fluids 
were identified in the liver of a rat of the control group, Figure 8.

4. Discussion

The 316L group more tissue lesions compared to the other two 
groups under investigation. Only five laminas from the 123 ana-
lyzed presented lesions corresponding to 0.04%. This result is not 
too far from that obtained by Gaechter et al., 1979, apud Lewis and 
 Sunderman4 of 0.07% (19 in 260 animals) of adverse reactions caused 
by the insertion of metallic rods in gluteal muscle of rats.

The particles produced by friction of the pieces of Ti6Al4V al-
loy and stainless steel 316L presented similar geometries and size 
varying from 50 to 200 µm (CV = 0,46) for the Ti6Al4V alloy and 
from 100 to 500 µm for the stainless steel 316L (CV = 0,66). These 
size variations between the alloys can be explained by the strain 
hardening of the Ti6Al4V alloy that occurred during the cold work 
at room temperature provoked by the friction10. The strain harden-
ing fracture grains forming smaller particles than those formed by 

The remained particles were sterilized in an autoclave at 120 °C 
during 20 minutes, and mixed in Hank’s solution that was used as a 
vehicle for injection in the animals.

Thirty Wistar 40 days male rats, weighting about 250 g each, 
were used to perform the in vivo test, approved by the Local Ethical 
Committee (protocol 81.06/CEUA-PUCPR), and based on the ASTM 
750-87(2007) standard. Ten rats for each alloy and ten for the control 
group were randomly chosen. Based on previous works of Rae8 and 
Pereira et al.9 the injection solution was prepared in a proportion of 
3.75 mg of particles in 1 mL of Hank’s solution and injected at the 
maximum rate of 0.1 mL/s in the peritoneum. In rats of the control 
group was injected 1 mL of Hank’s solution without particles.

The animals were observed during 35 days maintained at 22 °C 
with a 12 hours light-dark cycle and ad libitum (free access to water 
and AIN-93G diet). At the thirty-fifth day, after euthanasia, the liver, 
kidney, lung and heart of the animals were appropriated extracted and 
the tissues from those organs were isolated and properly prepared 
for histopathological analysis according to the standard protocol that 
includes fixation, inserting in paraffin, cutting into wafer-thin sections 
and staining with hematoxylin plus eosin (H+E). The hematoxylin 
stains the cell nucleus in dark purplish-blue and the eosin stains the 
cytoplasm in pinkish-red color. The samples were analyzed searching 
for lesions in the tissues.

In order to identify metallic particles in tissues, from the lesioned 
tissues identified in optical microscopy, were chosen for EDS analysis: 
liver of the animal from the control group, liver of the animal injected 
with stainless steel 316L particles and heart (only organ affected) of 
the animal injected with Ti6Al4V alloy particles.

3. Results

It was prepared and analyzed 123 samples of tissues isolated 
from the animal organs. Only five of them presented tissue lesions, 

Figure 1. SEM images: (a) Particles of Ti6Al4V and (b) particles of stainless steel 316L.

Table 1. Results from the five samples which presented lesions.

Group Organ Lesion type Samples with lesions Number of samples

Ti6Al4V heart epithelioid granuloma 1 41

SS 316L

liver epithelioid granuloma and giant cells 1

41heart epithelioid granuloma and giant cells 1

lung epithelioid granuloma and giant cells 1

Control liver epithelioid granuloma 1 41
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Figure 2. Sample of the heart tissue from a rat injected with Ti6Al4V alloy 
particles showing an epithelioid granuloma, 400×.

Figure 3. Samples from rats injected with stainless steel 316L particles: (a) 
liver of a rat showing an epithelioid granuloma, 40× and (b) heart showing 
a strange body epithelioid granuloma and grouped phagocytes contained 
indigested material, 1000×.

Figure 4. Samples from the lung of a rat injected with stainless steel 316L 
particles showing: (a) an initial pneumonia, 40× (b) giant cells, 400× and (c) 
a strange body epithelioid granuloma, 40×.

friction of stainless steel 316L. However, energy storage within the 
metal increases its chemical reactivity and may cause severe inflam-
matory response from the body11. The high values of the Coefficients 
of Variation show that the friction of the metals produces a wide range 

size of particles with the same parameters which makes the method 
attractive for many applications.

The size range of metallic particles isolated from the adjacent 
tissue of loose human prosthesis is between 0.3 and 2.0 µm7, although 
metal irregular particles up to 5 µm can be found in macrophages 
and extracellular site12. According to Choi13, particles released in the 
organism with size between 1.5 and 5.0 µm are absorbed by mac-
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Figure 5. Sample from the liver of a rat injected with Hank solution without 
metallic particles (control group). It is possible to visualize a small epithelioid 
granuloma, 1000×.

Figure 6. EDS plot analysis showing a peak of yttrium in the sample isolated 
from the liver of a rat injected with stainless steel 316L particles.

Figure 7. EDS plot analysis showing a peak of aluminum in the sample isolated 
from the heart of a rat injected with Ti6Al4V alloy particles.

Figure 8. EDS plot analysis showing chemical elements generally present in 
the body fluids in the sample isolated from the liver of the rat of the control 
group.

rophages and transported, through the blood stream, to the organs 
and can be found in heart, lung, brain and lymph nodes. However, 
particles larger than 10 µm remain at the local where were produced 
or introduced and are encapsulated by the organism, inducing giant 
cell reaction2. Although the particle sizes produced in this work were 
bigger than 10 µm, elements present in alloys composition were de-
tected in organs far from the site of injection, showing the dissolution 
of the alloy in ions small enough to interact with cells and provoke 
imuno-inflammatory reactions.

Immediately after the implantation of a metallic component, 
adsorption of proteins from the body fluids on the metallic surface 
and interactions with the adjacent tissues occur, involving redox reac-
tions (electron exchange), hydrolysis and formation of metal-organic 
complexes. These events trigger denaturing of the tissues, changes 
of pH and a sequence of electrochemical reactions. The corrosion 
by-products, like metallic ions, can accumulate in the periprosthetic 
tissue and reach organs far from the implant site. Besides, the ions 
carry an electrical charge and easily bond with natural proteins 
changing their functions14.

The oxide formed on the Ti6Al4V alloy surface that is responsible 
by its relatively chemical stability when in contact with the body flu-
ids, is composed by TiO

2
 and Al

2
O

3
, therefore, the ions Al and Ti are 

more susceptible to be released from the alloy15. Since the AIN-93G 

diet did not contain aluminum in its composition as well as the feed 
accessories, is possible to suggest that the titanium alloy as the source 
for the Aluminum in the tissue isolated from the heart of the animal 
injected with this alloy. Additionally, Rubio et al.16 reported that the 
aluminum ions are transported by albumin and transferrin to the 
organs like brain, liver, spleen, lung and kidney. However, no traces 
of Ti were found although the film in the titanium alloy is composed 
by TiO

2
 and other titanium oxides. The titanium ions react easily with 

hydroxyl radicals and anions forming salts and oxides in body fluid 
not allowing its combination with biomolecules what could be the 
cause of no identification of titanium ions in the rats organs17.

The liver was affected in 2 rats: one injected with stainless steel 
316L particles and other with Hank’s solution without metallic 
particles. Since the liver is the major waste organ of the body, it is 
reasonable to find metal particles or adverse reactions there. The 
strange body epithelioid granuloma found in the control group has 
no connection with the injected metals, since the Hank solution does 
not have the same chemical elements present in the alloys. The Hank 
solution has composition close to the biologic fluids (CaCl

2
 0.1855, 

MgSO
4
.7H

2
O 0.204, KCl 0.4, K

2
PO

4
 0.06, NaHCO

3
 0.35, NaCl 8.00, 

Na
2
HPO

4
 0.0475, C

6
H

12
O

6
 1 g.L–1), therefore, it was not expected to 

occur adverse reactions in the animals belonged to the control group. 
The possible cause of the granuloma formation is the injection of the 
solution at the peritoneum site, where the liver is allocated. The needle 
could reach the liver and could be the responsible for the localized 
inflammatory response.
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In the stainless steel group it was found, in the liver of one of 
the animals, the yttrium, a chemical element that can be added in the 
stainless steel composition in order to improve its corrosion resist-
ance by enhancing the superficial oxide passive film with  yttrium 
oxides18. These oxides dissolve in fluids containing salts like the 
body fluids, releasing yttrium ions19. No other element from this 
metal was found. When metallic particles were injected, however, 
is possible that an ionic dissociation occurred, and the ions were 
carried out from the insertion site, allocating in organs that were not 
analyzed in this work.

Although the yttrium has been used as treatment of some disease 
as rheumatoid arthritis, Hirano et al.20 showed acute toxicity of yttrium 
in rats intravenously injected with this metal. It appears in colloidal 
material composed by proteins and minerals phagocytes in the liver 
and spleen, when the doses are superior to 0.2 mg/rat. Higher doses, 
about 1 mg/rat, caused acute hepatic injury indicating that the liver is 
a target organ for this element, what agree with the results obtained 
in the present work.

5. Conclusion

The friction of metals produces a large range size of particles, and 
through adequate separation process can easily provide particles for 
in vivo tests intended to evaluate the body host response to metallic 
particles. The results confirm that the metallic particles, even larger 
than those considered for phagocytosis in the literature, dissociate 
in ions when in contact with the body fluids that are carried far 
away from the site of injection accumulating in preferential organs, 
especially in those considered waste organs of the body as liver and 
kidneys. Comparison of the size of the particles from the site of injec-
tion with the size of the particles accumulated in the organs should 
be very useful. However, in order to perform the analysis into the 
organs, they must be sectioned in thin plane sections and digested in 
a series of procedures that can alter the size of the metallic particles, 
depending on its susceptibility to the chemicals used. In addition, the 
sections analyzed represented an infinitesimal part of the organ and 
many particles are missed inducing to wrong conclusions. Regarding 
the in vivo test, there is no consensus about the appropriate animal 
model that can provide a clear indication of the systemic effects that 
metallic ions can cause in the human being. However, the present 
work testified that metallic ions are disseminated in the organism and 
its presence cause cellular abnormalities.
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