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The number of lymphocytes increases in the periprosthetic tissues with 
increasing time of implant service in non-metal-on-metal total joint 

arthroplasties: A role of metallic particles?
Martin Hobzaa, David Mildeb, Zuzana Slobodovac, Jiri Galloa

Background. The objective of the study was to determine the association between periprosthetic concentrations of 
selected metals and changes induced in periprosthetic tissues (PT). 
Methods. PT from 24 patients with metal-on-polyethylene or ceramic-on-polyethylene total joint replacements 
(TJRs) were examined. Samples underwent histological examination including quantification of cellular populations. 
Determination of metals was performed according to the published methodology. Results were processed using cor-
relation analysis and Principal Component Analysis (PCA), respectively. 
Results. Growing concentration of metals in the PT was found as a function of length of exposure (LoE). Differences 
in Ti, Co, Cr and V concentrations (per α = 0.05) depended on the type of alloy the implants were made from. On the 
contrary, the implant composition did not reflect in the different numbers of immune cells per 1 high power field, 
not even in distribution of the membrane type according to the Krenn classification. PCA revealed several clusters in 
dependence on the LoE, type of the membrane and presence of immune cells. High representation of lymphocytes 
in the PT was typical for clusters with the longest LoE while a higher representation of neutrophils was typical for a 
shorter time to reoperation.
Conclusions. Correlation between the LoE and concentrations of metals in its surroundings was demonstrated. 
However, the tissue image analysis cannot differentiate finer, potentially metal-induced tissue changes. Importantly, 
the tissues become more similar with an increasing LoE. We draw a conclusion about predominantly non-specific 
stimulation of the PT jointly by metal and polyethylene particles in non-metal-on-metal TJRs. 
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BACKGROUND

Osteoarthritis of the hip and knee is the most frequent 
joint disease in adults that can substantially deteriorate 
the patient’s locomotion, independence and self-sufficien-
cy and quality of life. Total hip and knee arthroplasties 
(THA, TKA) are the accepted standard for treatment 
of end-stage hip and knee diseases. These implants are 
designed for long-term use in the human body1. There 
is strong evidence confirming eligibility of total joint ar-
throplasty in both the localisations to achieve and main-
tain long-term results2,3. On the other hand, it is clear 
that these interventions have limited survivorship4. The 
reasons for their failure differ at least in part for both ana-
tomical locations. However, the main long-lasting problem 
is aseptic loosening which means a complete loss of con-
nection between the implant and bone bed5. This is a con-
sequence of long-term maladaptation of the implant-bone 

interface to chronic inflammation induced by prosthetic 
particles released from THA/TKA in combination with 
continual mechanical load6,7. 

A number of studies demonstrate that the surrounding 
tissues response to prosthetic particles by inflammation of 
low intensity8. This subsequently results in accumulation 
of stimulated osteoclasts at the border between the bone 
and implant. A vast body of evidence shows that polyeth-
ylene micro- and nanoparticles are the main inductors of 
debris-induced inflammation5. Recently, an attention has 
been drawn to metallic particles, particularly in relation 
to premature failure of metal-on-metal (MoM) prosthe-
ses9. Metals are released from all metallic implants by the 
mechanism of corrosion or tribocorrosion7,10,11. Several 
studies reported concentrations of selected metals in the 
periprosthetic tissues, joint fluid, or peripheral blood 
range12-15. The character of the tissue response to the pres-
ence of metals has been also studied16-18. New terms, such 
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as adverse local tissue reactions or adverse reactions to 
metal debris, have been introduced for more exact com-
munication of the pathologist with an orthopaedic sur-
geon19,20. Hypersensitivity to metallic particles has been 
also examined in association with premature failure of 
THA or TKA (ref.21). 

Importantly, it is assumed that non-MoM THAs and 
TKAs, i.e. metal-on-polyethylene (MoP), ceramic-on-
polyethylene (CoP), or ceramic-on-ceramic (CoC), are 
exposed to a load of metals too. The objective of this 
study was to examine tissue samples from adjacent places 
simultaneously for metallic content (i.e. concentration of 
metals/1 g of the tissue) as well as for the histopathologi-
cal changes in non-MoM prostheses. We assumed that the 
structure of the periprosthetic membranes as well as rep-
resentation of particular immune cells in this membrane 
would change in reoperated patients with a different time 
elapsed from the primary surgery and/or metallic load. 
This analysis should provide a further piece of evidence 
on the long-term behaviour of metallic implants inside 
human bodies. 

MATERIAL AND METHODS

Patients
Between April 2018 and April 2019, 81 patients under-

went reoperations of THA or TKA (58 THAs, 23 TKAs) 
at our department. Of these 24 were included into the 
study. Patients were divided into a subgroup with an im-
plant from a cobalt-chromium (Co-Cr) alloy (n = 11) and 
subgroup with an implant containing titanium or its alloy 
(n = 13). The subgroup of patients with total joint arthro-
plasty containing Ti was reoperated after 13.5 years on 
average with a range from 0.1 to 22.8 years, whereas the 
subgroup of patients with total joint arthroplasty without 
Ti was reoperated after 7.8 years on average with a range 
of from 2.1 to 23.4 years. Periprosthetic tissues were col-
lected from previously specified collection sites during 
revision THA (n = 16; 6 males and 10 females) and TKA 
(n = 8; 4 males and 4 females). Patient characteristics are 
shown in Table 1. Tissue collection was performed by the 
same surgeon (JG). 

Written informed consent about the use of peripros-
thetic tissues for the purpose of this study was obtained 
from each subject prior to inclusion in the study. The 
Ethics Committee for the Faculty of Medicine and 
Dentistry, Palacký University Olomouc and the University 
Hospital Olomouc approved the study in accordance with 
the Helsinki Declaration (Ministry of Health, VES16-
31852A).

Sample collection
Tissue samples of 24 patients were collected immedi-

ately after opening of the joint from the internal surface of 
the pseudocapsule. A superficial layer of pseudosynovial 
tissue on an area of approximately 1 x 2 cm was taken for 
histological examination. A similarly large sample was col-
lected from the vicinity of the previous sample for later de-
termination of concentration of selected metals. The first 

sample was fixed with 10% formalin immediately after 
collection and was subsequently sent for histopathological 
examination. The second collection was deeply frozen.

Histopathological examination 
The samples were oriented, additionally cut and pro-

cessed using a standard histological technique with em-
bedding to paraffin blocks after macroscopic assessment 
at the Institute of Clinical and Molecular Pathology. Two 
to three representative blocks were selected from each 
sample after primary hematoxylin – eosin staining and 
immunohistochemical methods were applied to prepare 
sections with a thickness of 3 to 4 µm. 

Polyclonal antibodies Polyclonal Rabbit Anti-Human 
CD117 (DAKO, polyclone, c-kit synonym, tyrosine kinase 
receptor) and Monoclonal Mouse Anti-Human Mast Cell 
Tryptase (DAKO, clone AA1), which represents the en-
zymatic equipment of all human mastocytes, were used 
for purposes of the immunohistochemical examination. 

Monoclonal Mouse Anti-Human CD1a (DAKO, 
clone 010) and Polyclonal Rabbit Anti-S100 (DAKO, 
polyclone) antibodies were used for detection of dendritic 
cells. CD1a are among MHC class I-related superficial 
glycoproteins, and they indicate immature dendritic and 
Langerhans cells and cortical lymphocytes with various 
intensity. S100 protein indicates Langerhans and dendritic 
cells, but also adipocytes, chondrocytes, melanocytes and 
glial cells of the neural tissue.

Monoclonal Mouse Anti-Human CD3 (DAKO, clone 
F7.2.38) antibody was used for detection of T lymphocy-
tes and monoclonal Mouse Anti-Human CD20 (DAKO, 
clone L26) was used for detection of B lymphocytes. 
Histiocytes were detected with Mouse Anti-Human CD68 
(DAKO, clone PG-M1) antibody. 

Immunohistochemistry was performed using an op-
timised protocol in the Ventana Benchmark XT auto-
mated system during final brown staining of the nuclei/
cytoplasm and/or membrane of positive cells. 

Histopathological evaluation
All preparations were evaluated in an optical micro-

scope Olympus BX45 during 20x – 400x magnification 
(Objective UPLFFLN40X – UIS2, UPlanFLN, 40x/0,75, 
oo/0,17/FN26.5). Quantification of particular cellular 
types expressed by a specific antigen was formulated by an 
absolute count in 20 fields at 400x magnification (HPF). 
Determination of the membrane type was performed ac-
cording to the classification of Krenn et al.22.

Determination of metals
The determination of Co, Cr, Ti and V in tissue sam-

ples was carried out by Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS) after microwave digestion with 
a mixture of HNO3 and H2O2. The detailed measurement 
procedure including sample pretreatment and measures 
taken to assure quality of results is described in detail in 
our previous study12.
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Fig. 1. Pseudosynovial membrane around CoCr implants. 
A. Type I membrane according to Krenn and Morawietz – early reaction: Inflammatory infiltration creates a narrow rim of lym-
phocytes in perivascular localisation with a minimal count of lymphocytes between histiocytes. The figure contains histiocytes and 
perivascular lymphocytes, giant cells are not present. Wear particles are minimally present, they can be found in superficial areas 
of the sample. B. Type I membrane according to Krenn and Morawietz – late reaction: Inflammatory infiltration is extensive here, 
dominated by histiocytes and giant cells. In addition to the perivascular area, lymphocytes are present diffusely among histiocytes. 
Wear material is abundant in all the parts of the sample.
Pictograms:

 histiocytes,  blood vessels,  lymphocytes,  giant cells,  necrosis

Fig. 2. Pseudosynovial membrane around Ti implants. 
A. Type I membrane according to Krenn and Morawietz – early reaction: The inflammatory infiltrate creates a well-defined rim 
of histiocytes with addition of giant cells and lymphocytes in the perivascular area with sparse lymphocytes between histiocytes. 
Wear material is less prominent and mostly situated in superficial areas. B. Type I membrane according to Krenn and Morawietz 
– late reaction: Extensive inflammatory reaction dominated by histiocytes and giant cells. Lymphocytes are more present in deeper 
parts of the sample comparing to the perivascular area and they become more dispersed among histiocytes. Wear material is richly 
present in all the parts of the sample. Necrosis is found in the upper right corner. 
Pictograms:

 histiocytes,  blood vessels,  lymphocytes,  giant cells,  necrosis

Statistical analysis
For statistical data treatment, the following soft-

ware packages were used: NCSS 2007 (NCSS, LLC, 
USA) where the Mann-Whitney test was evaluated, and 
QC.Expert 3.2 (Trilobyte Ltd., Czech Republic) where 
correlation analysis and principal component analy-

sis (PCA) were elaborated. Considering that we had a 
multivariate dataset, an advanced statistical technique 
(i.e., PCA) was applied to examine the true relationships 
among our data.

A

A

B

B
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RESULTS

Histopathological examination results
Results of the histological examination, i.e. determina-

tion of the membrane type according to Krenn et al.22 and 
frequency of particular cellular populations per 1 HPF are 
reported in Table 2. 

A non-parametric test (Mann-Whitney, α = 0.05) con-
firmed that there was no statistically significant difference 
in the levels of histiocytes, dendritic cells, T lymphocytes, 
mastocytes, neutrophils or membrane type between both 
the basic subgroups. Thus, no differences were confirmed 
among the observed histological parameters and reported 
subgroups, which leads to a conclusion that the analysis 
of clear histological parameters does not reveal significant 
differences between the subgroups of patients with the 
titanium and non-titanium implants. Other histological 
parameters were not subject to the statistical test due to 
predominance of zero levels.

However, the morphological image of both the groups 
is changing with the duration of implantation. The extent 
and intensity of inflammatory infiltration was lower in 
both the groups during a short period from implantation 
and gradually increased with a growing period from im-
plantation (Fig. 1 and 2). Necrosis occurs more frequently 
together with an increasing extent of the inflammatory 
response. Histiocytes form narrow rims below the syno-
vial cover at first, then with the extending interval from 
implantation they form lamellar to nodular infiltrations. 
The number of giant cells rises as well as the content of 
foreign material, which shows its highest volume in the 
area of contact with the implant. The number of lympho-
cytes and their distribution also change in time (Fig. 3). 
Infiltrations are only perivascular and in the vicinity of the 
surface at first. With a growing period from implantation, 
higher migration of lymphocytes is seen from perivascu-
lar localisations to the areas of inflammatory infiltration. 
These changes are more expressed in the group with Ti 
total joint arthroplasty (Fig. 3C and D).

Fig. 3. Immunohistochemical staining of CD3+ T lymphocytes in the membrane. 
A. CoCr implant – early revision: Lymphocytes are mainly in the perivascular area; B. CoCr implant – late revision: Lymphocytes 
are present not only in the perivascular area, in addition they are dispersed among histiocytes. C. Ti implant – early revision: 
Lymphocytes in the perivascular area with a small amount of lymphocytes between histocytes. D. Ti implant – late revision: The 
superficial area contains small amount of lymphocytes among histocytes. Inserted figure displays a deeper area, where the lym-
phocytes are more frequent with a disperse infiltration among histiocytes, conversely, they are less present in the perivascular area.

A

C

B

D
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Determination of the metal levels in periprosthetic  
tissues

Results of a sample analysis for the presence of met-
als (Ti, V, Co and Cr) in the layer most adjacent to total 
joint arthroplasty are reported in Table 3. With statistical 
testing of consistency we evaluated the differences among 
the levels of metals in patients, who had total joint arthro-
plasty in the evaluated joint from a titanium alloy, and 
in patients with total joint arthroplasty with no Ti. The 
non-parametric Mann-Whitney test confirmed the differ-
ences in Ti, Co, Cr and V (per α = 0.05). Difference in 
the levels of titanium explains why we performed dividing 
into two groups, separately for the following correlation 
and PCA analysis.

Correlation analyses 
For evaluation of relations among particular metals 

(groups of metals) and histological findings, or for evalu-
ation of relation between the time between primary and 
revision surgery (“length of exposure”; LoE) and concen-
trations of metals, we used a correlation analysis using the 
Pearson correlation coefficient and testing of its statistical 
significance (α = 0.05).

Testing within the group with implants without Ti: 
Statistically significant correlation (for α = 0.05) be-

tween the length of exposure and Cr level (r = 0.727) 
and further between the Co and Cr levels (r = 0.772) was 
demonstrated. Correlation between Co and Cr is easily 
explainable, since both the metals can be found in total 
joint arthroplasty. Correlation between the LoE and Cr 
level is also easily explainable – the longer the implant is 
in the body, the more metal is released to the surrounding 
tissue. Co-Cr implants have a small layer of Cr2O3 on their 
surface, therefore correlation between LoE and Cr level, 
not the Co level, was confirmed. 

Testing within the group with Ti implants: 
Statistically significant correlations (for α = 0.05) be-

tween the LoE and Ti concentration (r = 0.577), LoE 
and V concentration (r = 0.560) and for Ti and V (r = 
0.714), respectively, were demonstrated. Both metals can 
be found in titanium total joint arthroplasties and it is 
a fact – as in total joint arthroplasties from a CoCrMo 
alloy – that Ti and V concentrations in the surrounding 
periprosthetic tissue are growing with the LoE. 

Table 3. Metal concentrations in periprosthetic tissues.

Patient number Endoprosthesis 
alloy type

Years of implant 
in situ

Ti  
(mg/kg)

V  
(mg/kg)

Cr  
(mg/kg)

Co  
(mg/kg)

1 CoCr 2.1 0.35 0.02 24.59 6.50

2 CoCr 4.1 0.69 0.04 7.72 0.03

3 CoCr 14.7 0.53 0.01 3.46 0.83

4 CoCr 23.4 6.07 0.31 386.48 24.99

5 CoCr 0.3 2.26 0.04 4.45 1.19

6 CoCr 2.4 2.83 0.01 0.56 0.02

7 CoCr 7.6 2.20 0.01 6.67 6.60

8 CoCr 15.6 20.24 0.85 24.48 34.14

9 CoCr 11.2 2.69 0.01 9.53 14.50

10 CoCr 2.1 0.37 0.03 7.06 0.06

11 CoCr 2.7 30.81 1.28 6.77 0.92

12 Ti 2.6 34.88 0.64 4.69 3.09

13 Ti 22.7 3492.69 215.89 37.40 43.23

14 Ti 9.3 8.94 0.04 169.19 279.57

15 Ti 16.3 8.14 0.05 24.81 8.37

16 Ti 2.3 2.22 0.02 1.86 0.03

17 Ti 0.1 2.27 0.04 7.29 5.79

18 Ti 16.2 29.42 0.02 0.80 0.02

19 Ti 22.8 11.38 0.25 5.72 8.54

20 Ti 21.5 87.11 0.16 162.29 18.37

21 Ti 5.2 5.11 0.01 4.59 6.73

22 Ti 21.9 239.09 11.30 2.76 0.09

23 Ti 13.5 17.99 0.08 39.65 68.66

24 Ti 20.5 12.95 0.01 0.59 0.03
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Principle component analysis 
We mapped each group separately with regard to a 

small number of subjects and variability in the findings 
between the titanium (n = 12; one patient with a very 
short period of implant survival of 0.1 year was excluded 
from the PCA analysis, since he did not fall to any cluster; 
“there was no time for metals to be released into the sur-
rounding area”) and cobalt-chromium (n = 11 patients) 
implants. The following variables were included to the 
PCA: LoE, dendritic cells, T lymphocytes, mastocytes, 
eosinophils, neutrophils, membrane type and particular 

metals. We identified several subgroups (cluster) in both 
the groups in dependence on the LoE. 

PCA analysis for the group with implants without Ti  
(Co and Cr included in the PCA from metals):

PCA could determine several clusters, which differed 
in the LoE, type of the membrane and presence of im-
mune cells. Results are shown in Fig. 4 and tell us: i) 
short LoE, type IV membrane and higher presence of 
neutrophils were determining for the first aggregation; 
ii) moderate LoE (2.1–2.7 years) was determining for the 

Fig. 4. PCA analysis biplot for the CoCr implant group (n = 11). The first and second principal 
components explain 61.9 % of variability presented in the data. The largest influence is given by 
the length of exposition, which can be identified as the main component (x axis); PCA – Principal 
Component Analysis; n – number.

Fig. 5. PCA analysis biplot for the Ti implant group (n = 12). The first and second principal com-
ponents explain 61.1 % of variability presented in the data. The largest influence is given by the 
length of exposition, which can be identified as the main component (x axis); PCA – Principal 
Component Analysis; n – number.
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second cluster; membrane type was not determining, as 
well as any of evaluated cellular populations; iii) the lon-
gest LoE (5 and more years), high Co-Cr concentrations 
were determining for the third cluster, membrane type 
was not determining, T lymphocytes were predominant 
among cells. 

Group with titanium implants  
(Ti, V included in the PCA from metals):

Also in this group the PCA could determine several 
clusters, which differed in the LoE, type of the membrane 
and presence of immune cells. Results are shown in Fig. 
5: i) short exposure, type IV membrane, low levels of met-
als and zero dendritic cells were determining for the first 
cluster; ii) moderate to longer exposure and lower levels 
of metals were determining for the second cluster; on the 
contrary, no membrane type, not even any of evaluated 
cellular populations were determining; iii) long period 
of exposure, high levels of released metals in the tissues 
and high T lymphocyte levels were determining for the 
third cluster.

DISCUSSION

In this paper we evaluated the histological type of the 
periprosthetic membrane including representation of im-
mune cells in relation to tissue concentrations of metals 
released from the MoP or CoP total joint arthroplasty. We 
found out that time that elapsed from the index surgery 
(LoE) is the main determining factor. With its growing 
length, the concentrations of metals originating from 
the implant increase. Growing T lymphocyte frequency 
or changing type of their distribution corresponded to 
high concentrations of metals in the tissues and can be 
therefore associated with late failure. On the contrary, the 
membrane type according to Krenn was not determining 
from the perspective of detected metal concentrations. 

It has been previously demonstrated that joint arthro-
plasties from metallic alloys are not inert, and the sur-
rounding tissues response to released metallic particles 
and ions by an inflammatory reaction23. This response 
may result in failure of MoM implants24 and it probably 
even contributes to failure of MoP implants25. According 
to our best knowledge a relation between the concentra-
tion of metals in periprosthetic tissues and the type of tis-
sue response in the MoP and CoP total joint arthroplasty 
has not yet been published in the literature. Relations 
of the histological finding with tissue metals have been 
reported in more details in MoM THA, where multiva-
lent results have been published – on one hand, an un-
specified immune response with plenty of macrophages 
in correlation with high tissue concentration of metals 
and lymphocytic infiltration in the tissues associated with 
low concentration of metals were demonstrated26. On the 
other hand, Lohmann found an opposite relation, thus 
low concentrations of metals with macrophage infiltra-
tion and high tissue concentrations of metals associated 
with lymphocytic infiltration, which is more consistent 

with our results15. No clear correlation in dependence on 
concentration of metals has been found in a recent study 
comparing the histopathological finding in relation to 
concentrations of metals in MoM total joint arthroplas-
ties and resurfacing27. Growing concentration of metals 
released in periprosthetic tissues with increasing length of 
implant service has been found in both the groups of our 
patients, which is in agreement with our previous work12. 
We did not measure the serum levels of metals, since no 
correlation between the tissue and serum levels, not even 
their significance for failure of total joint arthroplasty 
were demonstrated12,15. Increased levels of Cr and Co were 
found in some of the samples from the Ti group, this is 
given by the use of a CoCr head. Fretting corrosion at the 
trunnion may be the source of these metals here28. On the 
contrary, low levels of V (and as well Nb – unpublished 
data) in this group are given by their low percentage rep-
resentation in the alloy.

Tissue response to the presence of the implant and its 
particles is gradually becoming unanimous after longer 
exposition and takes a quite uniform character. Except 
for the period of membrane formation and maturation, 
when higher neutrophil concentration was present, the 
membrane type according to Krenn22 did not determine 
its host into one of the studied groups according to metal 
type and tissue metal contents respectively. There are at 
least two possible explanations. The first one is related 
to an unspecific response to the presence of prosthetic 
particles, from which only a part is formed by metals. 
The second explanation could be associated with relative 
insensitivity of the classification according to Krenn to 
the presence of different types of particles (their concen-
trations) in the tissues. This classification was originally 
designed for differentiation of basic peri-implant patholo-
gies29. In its reviewed version22, it even contains an algo-
rithm for assessment of particles (according to material, 
size and quantity), which should induce tissue changes. 
However, based on it, the response to abrasion should in-
clude the abrasion-induced type of membrane, membrane 
of the combined type, and also membrane of the fibrous 
type22. Since there is a certain discrepancy in this area 
and not even our study could differentiate tissue changes 
more finely in dependence on concentrations of metals, 
replication studies should be performed at different sites 
by experienced pathologists. 

Metal debris is not considered as the main initiator 
of the inflammatory tissue response to prosthetic pres-
ence, but there is a stronger pathophysiologic connection 
to T lymphocytes when compared with the reaction to 
polyethylene particles as a foreign body. A non-specific 
foreign body reaction primarily includes macrophages, 
giant cells, fibroblasts and occasional lymphocytes and 
small calibre blood vessels, whereas in type IV reaction 
a main role is played by T lymphocytes in sustaining the 
chronic inflammatory reaction30. Higher frequency of 
T lymphocytes was present in our study in the tissues 
around titanium and also non-titanium non-MoM THAs 
and TKAs. A high number of T lymphocytes in peripros-
thetic tissues rising with time point out to an increasing 
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contribution of specific immune response (delayed-type 
IV reactions) (ref.31,32) as well as the development of toler-
ance33, apparently in dependence on increasing concentra-
tion of metals. 

Importantly, the activation of T lymphocytes during 
an immune response triggers a series of events/pathways 
leading together to a reaction to stimuli. However, their 
role is strictly integrated to a particular situation in the 
tissue they work in34. In later revisions (i.e. with longer 
LoE) we observed both a higher count of T lymphocytes 
and change of their distribution in the area of inflamma-
tion. Higher accumulation of lymphocytes was already 
previously reported in the tissues around MoM THA 
(ref.35), where the levels of metals are significantly much 
higher than in case of MoP or CoP bearing pairs. In fact, 
higher frequency of T lymphocytes is not only a domain 
of MoM pairs, it was also observed in the tissues around 
MoP total joint arthroplasties36,37. Modular connections, 
where fretting corrosion develops, are the main source of 
metallic particles and ions in non-MoM total joint arthro-
plasties7,38. A higher presence of CD4+ T lymphocytes was 
seen in dual modular neck hip prostheses39. Despite the 
fact that the way how metallic particles and ions stimulate 
the immune apparatus of the host was described23,40,41, it is 
not clear if this is a way common for all metals and what 
is the threshold amount of metals, which may induce this 
“specific” response. The gap in our understanding of bio-
tribocorrosion may be filled in the future for example by 
new tests allowing simultaneous assessment of tribocor-
rosion in the presence of cells and tissues42.

Our study is limited by a low number of cases from 
two different localities and heterogeneous metal composi-
tion of implants, which is further decreasing the provided 
sample size for each group. On the other hand, a variety 
of environments for adverse reaction to metals has been 
a subject of the study. We collected the samples in a stan-
dard way, but in a relatively low volume of the peripros-
thetic tissue, therefore, we cannot rule out that we would 
come to different findings at another collecting site. We 
studied this option in the previous paper and we drew a 
conclusion that variability in the tissue response in one 
host is relatively low43. A certain bias may have devel-
oped even by the fact that the implants from the Ti group 
had CoCr heads, which resulted in “admixture” of these 
metals in the final analysed material. On the contrary, it 
is less probable that concentrations of metals in a mem-
brane tightly adjacent to the implant could affect serum 
concentrations of metals from other anatomical areas, 
particularly if we take into account the fact that in the 
previous study we demonstrated minimal serum concen-
trations of metals in those, who had MoP, CoP, or CoC 
joint pairs, and no association between serum and tissue 
concentration12. During the tissue analysis, we were un-
able to control the effect of the following variables in the 
tissue reaction: i) chronic mechanic stresses (including 
hydromechanics of fluids), developing during each step; 
ii) ageing of the periprosthetic tissues and implant-bone 
connections; and iii) polyethylene debris. This provides 
opportunity for future research, where a reaction to PE 

debris is directly compared to reaction to metals given 
as a function of their respective concentration, ideally 
including a cytokine profile study in the same localities.

CONCLUSIONS

Current research shows that the use of TKA and THA 
is associated with continual release of polyethylene par-
ticles and even metals, which significantly contributes to 
the periprosthetic tissue reaction. We also start to un-
derstand more exactly the relation between the immune 
apparatus and prosthetic particles, which stimulate the 
sensors of innate and adaptive immunity. As a result, 
pathological debris-induced inflammation subsequently 
develops in some patients. This paper confirms the ability 
of tissues to accumulate released metals from THA and 
TKA and change their character in relation to the length 
of exposure regardless of whether the implant is of cobalt-
chromium or titanium alloy. T lymphocytes play a special 
role; their incidence grows in relation to concentration 
of metals and length of the implant in situ regardless of 
material composition of total joint arthroplasty. In con-
trast, variability in concentration of metals is apparently 
not reflected in frequency of other types of immune cells 
(histiocytes, dendritic cells, mastocytes, eosinophils and 
neutrophils). Classification of periprosthetic membranes 
cannot predict concentrations of metals in these tissues.
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