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e aimed to assess whether the immunological 
abnormalities which have been observed in 

patients with loose total hip replacements (THRs) are 
present in patients with a well-fixed prosthesis.

We examined blood samples from 39 healthy donors, 
22 patients before THR and 41 with well-fixed THRs of 
different types (15 metal-on-metal, 13 metal-on-
polyethylene, 13 ceramic-on-ceramic). Before THR, the 
patients showed a decrease in leukocytes and myeloid 
cells in comparison with healthy donors, and a 
prevalence of type-1 T lymphocytes, which was 
confirmed by the increase in ratio of interferon-γγγγ to 
interleukin 4. Moreover, patients with metal-on-metal or 
metal-on-polyethylene implants showed a significant 
decrease in the number of T lymphocytes and a 
significant increase in the serum level of chromium and 
cobalt, although no significant correlation was observed 
with the immunological changes. In the ceramic-on-
ceramic group, leukocytes and lymphocyte subsets were 
not significantly changed, but a significant increase in 
type-2 cytokines restored the ratio of interferon-γγγγ to 
interleukin 4 to normal values.

We conclude that abnormalities of the cell-mediated 
immune response may be present in patients with a well-
fixed THR, and that the immunological changes are 
more evident in those who have at least one metal 
component in the articular coupling.
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Total hip replacement (THR) is one of the greatest advances
in orthopaedic surgery of the 20th century. It has considera-
bly improved the quality of life of patients affected with
osteoarthritis of the hip. In the past, patients between 60 and
75 years of age had been considered to be the best candi-
dates for THR. Over the last decade, however, the age range
has broadened to include more elderly, as well as younger
individuals. In the latter, the implants may be exposed to
greater mechanical stresses over a long period of  time and it
is therefore important to use materials with the best in vivo
durability.1 An important long-term requirement is the
absence of the systemic effects of wear debris.

Since the longevity of the arthroplasty is affected by the
wear of its components, it is important to find new materials
and designs with reduced wear debris, which is the main
cause of the tissue reaction leading to loosening.2 Two hard-
hard articulations, ceramic-on-ceramic and metal-on-metal,
have been developed as alternatives to the ultra-high-molec-
ular-weight polyethylene articulations. The advantages of
these combinations are that they generate little debris so that
inflammatory reactions and osteolysis are less evident.3-6

Nevertheless, corrosion can occur in metal components,
releasing ions which invade the local tissues, and enter the
circulation. Although some of the biological effects of metal
present in the components of hip prostheses are known, the
amount of ions needed to produce them is not yet clear. As
for all trace elements, a slight increase in their concentration
may have a toxic effect.7 In vitro tests show that metal ions
may be toxic to lymphocytes, and cause cell death or apop-
tosis.8,9 In vitro experiments have shown that stainless steel
decreases the production of haemopoietic progenitors with
detrimental effects being caused by leaching of metal
ions.10 Some haematological alteration, such as a reduction
in the number of leukocytes and some subpopulations of
lymphocytes, has been observed in patients with aseptic
loosening of a THR in which the metal component is
worn.11 Other authors have described examples of the
implant causing sensitisation to the metal components in the
host.12 Mononuclear cells of patients with prosthetic loos-
ening, cultured in the presence of metal ions, show an
increase in the expression of activation antigens, and an
increase in the release of inflammatory cytokines.13-15

Analysis of the tissues retrieved during revision THR has
given contradictory results. Some authors have found a low
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number of quiescent lymphocytes,16 while others have
found a correlation between the number of T-lymphocytes
and macrophages and the cytokine profile and the clinical
and radiological grade of loosening.17 Most of these studies
were carried out on patients with aseptic loosening and it is
not yet certain whether the immunological alterations are
either involved in the failure of the implant, or related to the
presence of the implant or the underlying pathology.

Our main aim was to determine if the immunological
changes, previously observed in patients with aseptic loos-
ening, were also present in patients with well-fixed prosthe-
ses.

Patients and Methods

We obtained blood samples from 39 healthy donors and 63
consecutive patients who had primary osteoarthritis of the
hip. In 22, the samples were collected the day before sur-
gery so that haematological and immunological changes as
a result of anaesthesia could be excluded. A further 41 sam-
ples were taken from patients after unilateral primary THR
with a follow-up of between 18 and 36 months. In these
patients the prostheses were all deemed to be stable, as there
were neither symptoms nor radiological evidence of loosen-
ing. The patients were divided by prosthetic coupling into
three groups. In the 15 who had a metal-on-metal bearing
(Metasul; Sulzer Orthopedics Ltd, Winterthur, Switzerland),
the acetabular component consisted of a titanium alloy shell
(TiAl6Nb7 according to ISO 5832-1), a polyethylene insert
reinforced with a Co28Cr6Mo inlay (Protasul-21 WF
according to ISO 5832-12) and a Co28Cr6Mo alloy femoral
head. The 13 who had a metal-on-polyethylene coupling
had the same TiAl6Nb7 cup, polyethylene insert and
Co28Cr6Mo alloy femoral head. In the 13 with a ceramic-
on-ceramic coupling (ANCA-FIT; Wright-Cremascoli
Ortho SpA, Milano, Italy), the acetabular component was
made of TiAl6Nb7 alloy with a ceramic insert (alumina,
Al2O3, ISO 6474) and a ceramic femoral head. All had an
uncemented stem made of TiAl6Nb7 alloy. Patients with
rheumatoid arthritis, an autoimmune disease or those under-
going immunosuppressive treatment were excluded from
the study. The details of the patients are given in Table I.

Analysis of the white blood cells. We collected peripheral
venous blood from the patients and the control group and
determined the total and differential white blood cell counts
to establish the proportion of lymphocyte and myeloid cells.
We measured the percentage of T lymphocytes, B lym-
phocytes and natural killer cells using fluorescent mono-
clonal antibodies to the following antigens, CD3 (T-
lymphocytes), CD4 (helper/inducer T-lymphocytes), CD8
(cytotoxic suppressor T-lymphocytes), CD19 (B-lym-
phocytes; Becton-Dickinson, Mountain View, California)
and CD16 (natural killer cells; Ortho Diagn. System, Rari-
tan, New Jersey) by using a flow-cytometer equipped with
an argon laser (Epics-Elite; Coulter, Hialeah, Florida). We
were able to calculate the percentage of fluorescent cells out
of 5000 lymphocytes.11

Peripheral blood mononuclear cell (PBMC) isolation.  After
dilution with saline (1:2) the samples underwent Ficoll-
Hypaque density-gradient centrifugation to separate the
mononucleate cells from the erythrocytes and granulo-
cytes.18 After collection, washing, centrifugation and resus-
pension in Aim-V medium supplemented with L-glutamine
(Gibco; Invitrogen, Milan, Italy), the mononuclear suspen-
sion (1 x 105 cells/100 µl) was distributed in 96-well culture
microplates (Costar, Cambridge, Massachusetts). We added
either 100 µl of fresh medium in order to control the sponta-
neous activation of cells (unstimulated PBMC) or the same
medium containing phytohaemoagglutinin-P (PHA-P;
Sigma, St Louis, Missouri) as a positive control for lymph-
ocyte activation (stimulated PBMC). After incubation for 72
hours at 37˚C in a 5% CO2/95% air atmosphere, the cell
cultures were collected and centrifuged. The cells were used
for the flow-cytometric analysis of the activation and the
cell-free surnatant was frozen at -20˚C until the immuno-
assay.
Lymphocyte activation test. The collected PBMCs were
incubated for 20 minutes at 4˚C with a cocktail of mono-
clonal antibodies (Fastimmune PE/PerCP; Becton Dickin-
son, San Jose, California), containing the antibody anti-CD3
conjugated with peridinin-chlorophyl-protein, and the anti-
body anti-CD69 with phycoerythrin. We were able to deter-
mine the proportion of positive CD3/CD69 cells out of 3000
lymphocytes using flow cytometry with an argon laser. The

Table I. Details of the healthy donors and the 63 patients who underwent THR for osteoarthritis
(15 received metal-on-metal, 13 metal-on-polyethylene and 13 ceramic-on-ceramic implants)

Number of subjects
Healthy
controls 

Before 
surgery 

Metal-on-
metal

Metal-on-
polyethylene 

Ceramic-on-
ceramic 

Gender (number) 39 22 15 13 13
M 15   8   4   3   4
F 24 14 11 11   9

Age (years)
Mean ± SEM 52 ± 3 60 ± 3 50 ± 2 62 ± 2 62 ± 3
Range 40 to 71 41 to 74 40 to 64 45 to 74 41 to 79
Median 54 59 54 64 62

Follow-up (months)
Mean  ± SEM - - 26 ± 1 27 ± 1 27 ± 4
Range - - 18 to 36 18 to 34 20 to 30
Median - - 25 27 24
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activation rate is the ratio between the CD3/CD69 mononu-
clear cells stimulated by PHA-P and non-stimulated CD3/
CD69 mononuclear cells.19

Immunoenzymatic assay of cytokines in the culture su-
pernatants. We used multiple-sandwich enzyme immuno-
assay to quantitate interleukins IL2, IL4, IL6 and IL10,
tumour necrosis factor alpha (TNFα), interferon gamma
(IFNγ), and granulocyte-monocyte colony-stimulating
factor (GM-CSF), following the recommended enzyme-
linked immunoadsorbent assay protocols of the manufac-
turer (Endogen, Woburn, Massachusetts). Briefly, highly
absorbent 96-well microplates were coated with purified
antibody aimed at the cytokine being examined. Binding
between the cytokine and antibody was detected using anti-
cytokine biotinylated antibody, streptoavidin-peroxidase
conjugate and a peroxidase substrate, namely tetramethyl-
benzidine. The detection limit of the immunoassay was 1
pg/ml for IL6 and TNFα,  6 pg/ml for IL2, 1 pg/ml for IL4,
3 pg/ml for IL10, 2 pg/ml for IFNγ and 2 pg/ml for GM-
CSF. Values below the threshold of test sensitivity are con-
sidered arbitrarily as log-1 of the detection limit.
Serum dosage of metal ions. Peripheral blood was col-
lected and centrifuged to separate the serum, which was
subdivided and frozen at -70˚C. When thawed, the serum
was again centrifuged to remove any particulate residue.
The concentration of chromium, cobalt, molybdenum, alu-
minium and titanium was measured in each sample by
graphite furnace atomic absorption spectrophotometry
(GFAAS; Unicam Model Solaar 939 QZ, Cambridge,
UK).20 The sensitivity of the method was established by
using detection limits for sample matrix, i.e. 0.06 ng/ml for
chromium, 0.08 ng/ml for cobalt, 1.36 ng/ml for aluminium,
2.91 ng/ml for titanium and 0.27 ng/ml for molybdenum.
All the subjects having ion levels below the detection levels
were adjusted to the detection limit.
Calculations and statistical analysis. For all calculations
and statistical analysis we used StatView 5.01 for Windows

(SAS Institute Inc, Cary, North Carolina). The frequency
distribution of normal, high and low values of leukocytes,
myeloid cells and lymphocyte subpopulations was calcu-
lated. The results were expressed as the arithmetic mean
± SEM. Significant increases in serum levels of ions in all
examined groups were evaluated by using the unpaired t-
test (one tail). The analysis of variance detected the effects
of the various articular couplings, and the Bonferroni-Dunn
multiple comparison test specific differences between
groups. The relationship between serum ion levels and
immunological parameters was calculated by Pearson’s test,
and Fisher’s exact test was applied to detect a significant
association. Only p values ≤0.05 were considered to be sta-
tistically significant.

Results

In the healthy donors we observed a range of values for
myeloid cells and the lymphocytes subsets; total leukocytes
(5300 to 9600/mm3), granulocytes (2733 to 7500/mm3),
lymphocytes (1669 to 4258/mm3), CD3 (1239 to 2695/
mm3), CD3/CD4 (634 to 1776/mm3), CD3/CD8 (347 to
1235/mm3), CD19 (133 to 1039/mm3) and CD16 (139 to
553/mm3).

Before THR many patients had low levels of leukocytes
and granulocytes, but two years after the surgery there were
fewer with a low level of granulocytes. Changes in the
number of lymphocytes and lymphocyte subsets were
observed in both groups of patients, but the percentage of
patients with a low number of T lymphocytes tended to
increase after THR (data not shown).

The mean values of the white blood cell subsets, leuko-
cytes and myeloid cells of the pre-surgery group were sig-
nificantly lower than those observed in the healthy controls
(Table II). After THR, there were significant differences for
most white blood cells with lower counts of leukocytes,
myeloid cells, helper/inducer T lymphocytes (CD3/CD4)

Table II. The mean number/mm3 of leukocytes, myloid cells and lymphocyte subpopulations obtained for the 39 healthy controls,
the 22 patients awaiting surgery and the 41 patients 18 to 36 months after THR

Healthy controls Before surgery After THR Metal-on-metal
Metal-on-
polyethylene

Ceramic-on-
ceramic

Leukocytes 7061 ± 264 5987 ± 466
*p = 0.036

5647 ± 217
*p = 0.002

5429 ± 264
*p = 0.0002

5569 ± 368
*p = 0.002

6058 ± 612

Myeloid cells 4575 ± 230 3734 ± 332
*p = 0.043

3485 ± 187
*p = 0.0005

3021 ± 146
*p = 0.0006

3471 ± 314
*p = 0.008

3729 ± 513

Lymphocytes 2486 ± 113 2347 ± 214 2087 ± 91
*p = 0.007

2077 ± 119
*p = 0.02

2002 ± 144
*p = 0.01

2204 ± 229

CD3 1719 ± 79 1728 ± 154 1443 ± 63
*p = 0.0079
†p = 0.047

1415 ± 85
*p = 0.016

1420 ± 113
*p = 0.036

1502 ± 149

CD3/CD4 1127 ± 58 1048 ± 109 959 ± 47
*p = 0.027

934 ± 57
*p = 0.036

959 ± 91 993 ± 108

CD3/CD8 666 ± 41 586 ± 101 467 ± 36
*p = 0.0006

462 ± 60
*p = 0.006

458 ± 74
*p = 0.011

510 ± 53

CD19 311 ± 38 347 ± 95 239 ± 15 247 ± 31 237 ± 23 227 ± 24
CD16 302 ± 22 261 ± 50 336 ± 31 358 ± 43 278 ± 39 367 ± 82

*comparison with healthy controls
†comparison with patients before surgery
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and cytotoxic/suppressor T lymphocytes (CD3/CD8). The
total number of T lymphocytes (CD3) was even lower than
that observed in patients before THR (Table II). When
divided into three groups according to the features of the
prosthetic coupling (Table II) for the metal-on-metal and the
metal-on-polyethylene group, there was a significant
decrease in the number of leukocytes, myeloid cells, CD3 T
lymphocytes and CD3/CD8 T lymphocytes, in comparison
with the control group. Moreover, in the metal-on-metal
group there was also a decrease in helper/inducer T lymph-
ocytes (CD3/CD4). We found no variation in B lymphocytes
and natural killer cells.

A significant increase in the serum level of chromium
and cobalt was observed in patients with metal-on-metal
and metal-on-polyethylene couplings compared with the
control group and the pre-surgery group (Table III). There

was no association between the number of cells and level of
circulating ions (data not shown).

Stimulation with PHA-P induced a significant increase in
the percentage of positive CD3/CD69 cells in all groups
(Table IV). The percentage of positive cells, non-stimulated
or stimulated with PHA-P, varied among the groups. Never-
theless, the activation rate was not different between the
patients and control group.

Since the percentage of lymphocytes did not differ
among the groups, by cultivating fixed quantities of cells, it
was possible to verify whether the decrease in the absolute
number of CD3 cells observed in the metal-on-metal and
metal-on-polyethylene groups was related to the reduction
in a certain subpopulation of T cells, namely type-1 or type-
2 lymphocytes. The two subpopulations can be differenti-
ated according to the type of cytokine released.21,22 The

Table III. The serum levels (ng/ml) of chromium, cobalt, molybdenum, titanium and aluminium for the 39
healthy controls, the 22 patients awaiting surgery and the 41 patients at the 18- to 36-month follow-up after THR.
All values below the detection levels were adjusted to the detection limit (0.006, 0.08, 0.27, 2.91 and 1.36 ng/ml
for chromium, cobalt, molybdenum, titanium and aluminium, respectively).

Healthy controls Before surgery Metal-on-metal
Metal-on-
polyethylene

Ceramic-on-
ceramic

Chromium 0.30 ± 0.05 0.29 ± 0.05 1.54 ± 0.34*† 0.79 ± 0.22*† 0.30 ± 0.07
Cobalt 0.25 ± 0.05 0.42 ± 0.1 1.22 ± 0.26*† 0.86 ± 0.24*† 0.18 ± 0.03
Molybdenum n.d. 0.42 ± 0.14 0.65 ± 0.18 0.62 ± 0.18 n.d.
Titanium 3.44 ± 0.28 2.91 ± 0 3.19 ± 0.28 2.91 ± 0 3.19 ± 0.24
Aluminium 8.24 ± 1.20 6.92 ± 0.35 7.07 ± 1.13 5.14 ± 0.88 4.96 ± 1.10

*p = 0.005 comparison with healthy controls 
†p = 0.005 with patients before surgery

Table IV. Expression of CD69 antigen (early activation antigen) on CD3 lymphocytes (mean ± SEM of the percentage of positive
CD3/CD69 lymphocytes) for the 39 healthy controls, the 22 patients awaiting THR and the 41 patients at the 18- to 36-month
follow-up

Healthy controls Before surgery Metal-on-metal
Metal-on-
polyethylene

Ceramic-on-
ceramic

Non-stimulated lymphocytes   6.8 ± 1.4   8.4 ± 3.5   3.7 ± 0.8   3.8 ± 0.6   2.5 ± 0.9
Lymphocytes stimulated with PHA 81.2 ± 4.1 59.1 ± 12.6 29.2 ± 5.1 47.8 ± 5.8 30.7 ± 5.9
Activation rate 13.7 ± 2 11.7 ± 2.4 15.3 ± 5.2 15.34 ± 2.6 18.8 ± 4.7

Table V. Release of cytokines from PBMCs stimulated by PHA for the 39 healthy controls, the 22 patients
awaiting surgery and the 41 patients at 18 to 36 months after THR. Data are expressed as pg/ml (mean  ± SEM)

Healthy controls Before surgery Metal-on-metal
Metal-on-
polyethylene

Ceramic-on-
ceramic

TNF α 850 ± 206 1949 ± 972 570 ± 115 1120 ± 475 877 ± 165
IL-6 3027 ± 535 3008 ± 894 2715 ± 617 2468 ± 587 3743 ± 382
GM-CSF 963 ± 145 2335 ± 869 1977 ± 507 4207 ± 368

*p = 0.005
2347 ± 358

IL-2 498 ± 103 1692 ± 400
*p = 0.015

817 ± 200 2498 ± 623
*p = 0.012

1633 ± 810

IFNγ 861 ± 266 1925 ± 849 1445 ± 459 2558 ± 553
*p = 0.013

2665 ± 267
*p = 0.002

IL-4 73 ± 18 0.1 ± 0.001
*p = 0.004

34 ± 21 29 ± 16 402 ± 55
*p = 0.0002
†p = 0.0001

IL-10 434 ± 141 86 ± 64
*p = 0.04

30 ± 14
*p = 0.005

59 ± 33
*p = 0.023

656 ± 143
†p = 0.0004

*comparison with healthy controls
†comparison with patients before surgery
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supernatants of the cultures of cells stimulated with PHA
were assayed and the cytokine levels of patients with a
stable prosthesis and patients before surgery were compared
with the controls (Table V).

The IL2 release was higher in all groups of patients, but a
significant increase was observed only in the pre-surgery
and metal-on-polyethylene groups. IFNγ correlated with the
release of IL2, but was significantly higher in patients with
metal-on-polyethylene and ceramic-on-ceramic bearings.
The release of IL4 was significantly reduced in the pre-sur-
gery group, whereas in patients with at least one metal artic-
ular component, an insignificant decrease was observed. In
the ceramic-on-ceramic group, however, there was a signifi-
cant increase. Even the mean concentration of IL10 had a
similar pattern, it being significantly higher in the ceramic-
on-ceramic group, whereas it was significantly reduced in
the other groups.

The IFNγ/IL4 ratio, as the index of balance between
type-1 and type-2 subgroup populations, was significantly
higher in the pre-surgery subjects and those with metal-on-
metal or metal-on-polyethylene couplings (Fig. 1).

The concentration of inflammatory cytokines IL6 and
TNFα in the supernatants of cultures of mononucleate cells
stimulated with PHA-P was highly variable in all groups
(Table V), but no differences were observed between the
control group, patients with prostheses and the pre-surgery
group. The release of GM-CSF was significantly increased
in patients with a metal-on-polyethylene bearing.

Discussion

Our results show that patients with stable prostheses have
some haematological and immunological changes. Some,
such as the decrease in the number of leukocytes and mye-
loid cells, are already evident in patients before surgery, but

they become more marked in patients with metal-on-metal
or metal-on-polyethylene couplings. In particular, the
highly significant reduction in the absolute number of
leukocytes was not caused by the reduction in a specific cell
type, because myeloid cells and lymphocytes were both
reduced. T lymphocytes were significantly decreased with
the CD8 cytotoxic/suppressor subset being the most
involved, and for the metal-on-metal group the CD4 helper/
inducer subset was also decreased. These data show that the
haematological and immunological changes which are
observed in patients with aseptic loosening were also
present in those with a well-fixed prosthesis with at least
one metal component of the articular bearing, but not in
those with a ceramic-on-ceramic coupling.11 These findings
raise the possibility that metal ions, such as chromium and
cobalt, released from the implant may have a toxic effect on
myelopoiesis and the immune system.10,11,23

Metal ions such as chromium and cobalt are present
physiologically in man and are necessary for carrying out
certain functions. Chromium is a trace element which has a
role in glucose metabolism and cobalt is an essential micro-
nutrient for mammals. The amount of ions required is not
yet clear, but as for all trace elements a slight increase in
their concentration may have a toxic effect. Immunological
abnormalities were found in groups of patients with at least
one metal component of the articular coupling and with
high levels of metal ions and therefore, a cause-effect rela-
tionship could be supposed. Linear regression analysis did
not show a relationship between the concentration of ions
and the number of leukocytes, lymphocytes, and relevant
subpopulations. The lack of statistical correlation could be
due to the biological diversity of the individuals or the small
number of subjects in each group. At this time, the assay of
circulating ions cannot be considered as being predictive for
myelotoxicity or immunotoxicity, but it may be purely

10

100

1,000

10,000

100,000

1,000,000

Healthy donors Before surgery Metal-on-metal Metal-on-
polyethylene

Ceramic-on-
ceramic

1

p=0.002 p=0.01 p=0.005

Fig. 1
The relationship between Th1 and Th2 subpopulations based on the pattern of cytokines released
by PHA-stimulated PBMC obtained from 39 healthy controls, 22 patients before THR and 41
patients 18 to 36 months after THR. The results are expressed as the mean ± SEM of the IFNγ to
IL4 ratio.
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indicative of damage which should be assessed in each
patient by appropriate tests.

From a functional point of view, the lymphocytes of
these patients, although reduced in number, were capable of
responding to antigenic stimulation. In fact, the activation
rate of lymphocytes stimulated by PHA-P was practically
the same in all the groups which were examined. 

Based on the pattern of cytokines released in the culture
supernatant, it was possible to establish whether the quanti-
tative damage to T lymphocytes was caused by the reduc-
tion of some specific subsets. T cells comprise CD3/CD4-
helper/inducer (Th) and CD3/CD8-cytotoxic/suppressor
(Tc) lymphocytes, and each of them exists in two function-
ally-defined populations: Th1 or Tc1 lymphocytes, produc-
ers of IFNγ and IL2, and Th2 or Tc2 producers of IL4 and
IL10.21,22 The balance between type-1 and type-2 cells is
fundamental for immunoregulation, while imbalance plays
a crucial role in determining the phenotype and the severity
of various diseases. Type-1 and type-2 cytokines have some
basic functions in the cell-mediated immune response. IL2
activates the cell-mediated immune response and induces
the production of other cytokines, such as IFNγ and IL-4, by
paracrine and autocrine mechanisms.24 IFNγ induces the
expression of major histocompatibility complex class-II
molecules, thereby favouring the presentation of the antigen
and stimulating a specific immune response.  Furthermore,
it induces the activation of monocytes and macrophages and
their production of inflammatory cytokines such as TNFα
and IL1.25 IL4 acts as a co-stimulator of the differentiation
of B lymphocytes, promotes the cytotoxic activity of T
lymphocytes and exerts a powerful inhibitory action on the
pro-inflammatory cytokines produced by activated mono-
cytes.26 IL10 has a strong inhibitory action on the antigen-
specific and anti-inflammatory immune response because it
inhibits the production of cytokines by monocytes.27

The significant increase in IL2 and IFNγ and the IFN-γ/
IL4 ratio, which we observed in the pre-surgery group, sug-
gests a prevalence in the type-1 subset, which is also con-
firmed by the reduction in type-2 cytokines. These results
agree with other authors’ findings concerning the involve-
ment of the type-1 subpopulation in the pathogenesis of
osteoarthritis.28-30 Activated T lymphocytes, which produce
type-1 pattern cytokines, occur in the synovia of patients
who have ostoarthritis. Sakkas et al30 carried out a study on
patients with late-stage osteoarthritis during THR and this
series corresponds to our pre-surgery group. T lymphocytes
are normally present in chronic inflammation, but Sakkas et
al30 added new information concerning the role of T lymph-
ocytes in degenerative articular disease which can be sum-
marised as follows. T-lymphocyte infiltration of synovia has
an oligoclonal repertoire. The lymphocytes are activated
locally, as shown by the presence of early and late activation
antigens, and the activation is specific, even if the antigen is
still unknown. It is mediated by Th1 whereas Th2-type
activity is practically absent. Our data show that these alter-
ations are also reflected in peripheral lymphocytes, with an

increased production of IFNγ and IL2 by mononuclear cells
stimulated by PHA-P and a mutual reduction in IL4 and
IL10. Consequently, there is a highly significant increase in
the IFNγ-to-IL4 ratio compared with the control group.
After THR, even  when the prosthesis was stable, there was
still an alteration in the immunological parameters which
were analysed, and the type of prosthesis seemed to affect
the behaviour of immune cells. In subjects with metal-on-
metal couplings, and more so in those with metal-on-poly-
ethylene couplings, the pattern of release of cytokines was
similar to that observed in the pre-surgery group.

THR eliminates the severely damaged joint, but not the
basic disease, and this may be why the expansion of type-1
lymphocytes is also observed in the peripheral blood of
patients with prostheses. Furthermore, with metal-on-metal
and metal-on-polyethylene couplings there is also a signifi-
cant depletion in the number of helper and cytotoxic T-lym-
phocytes, which could prevent the rebalancing of the type-1
and type-2 subpopulations. In these patients the high levels
of circulating chromium and cobalt could play a crucial role
in causing the immunological changes. This interpretation
seems to be confirmed by what was observed in patients
with ceramic-on-ceramic couplings in whom the chromium
and cobalt levels were normal. There was no significant
reduction in the number of T-lymphocytes and the increase
in type-1 cytokines was balanced by a significant increase in
type-2 cytokines, so that the IFNγ to IL4 ratio was similar to
the control group. Maintaining a balance between the two
subpopulations is important for the homeostasis of the
immune system, because the cytokines produced by these
cells have specific functions. In particular, they contribute to
reciprocal adjustment.

Our study has shown that immunological changes may
be related to the presence of the implant, but the question
remains as to whether these abnormalities are able to com-
promise the defence mechanism against foreign organisms
or deviant native cells. A moderate defect of the immune
profile is not necessarily responsible for immediate adverse
effects, because the immune system is flexible and is able to
use alternative factors and mechanisms of compensation.
Nevertheless, the data suggest some caution in considering
the immune status of patients who have undergone THR,
since the consequences of a chronic defect could become
clinically evident in the long term.31
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