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Abstract Aseptic and septic periprosthetic osteolysis
following total hip arthroplasty has become increasingly
recognized as a major clinical problem. An aggressive
granulomatous tissue, the interfacial membrane, develops
at the interface between the bone and the prostheses or the
bone and the cement. Our hypothesis was that during the
septic and aseptic loosening of the total hip arthroplasty,
there is a clear pathological abnormality in the tissue ele-
ments building up the interfacial membrane, which is
responsible for the different aetiologies of the disease and
could be monitored besides the classical methods by dif-
ferential scanning calorimetry. In our study, the interfacial
membrane pieces removed during operations of revision
hip arthroplasties in the cases of aseptic loosening and
during prosthesis removals in the cases of septic implant
loosening. We investigated stem parts of cemented hip
arthroplasties only. Our measurements were carried out on
eight septic and 12 aseptic samples. With our investiga-
tions, we could demonstrate that DSC is a useful and well-
applicable method for the investigation of the interfacial
membrane that develops in septic and aseptic loosening of
hip arthroplasty. DSC scans clearly demonstrated signifi-
cant differences between the different types and conditions
of samples (aseptic membrane: 7,, = 62.2 °C and AH,,] =
2.13 J/g, septic membrane: T,, = 60.2 °C and AH., =
3.22 J/g,). These investigations can help us make a correct
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diagnosis in the problematic cases of loosened total hip
arthroplasty. To decide the possible septic feature of a
given sample, calorimetry could serve as one of the
quickest procedures available.
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Background
Prosthesis loosening

Total hip arthroplasty is a final solution for millions of
patients with end-stage hip joint arthritis. In contrast to the
benefits of joint replacement, aseptic and septic peripros-
thetic osteolysis following total hip arthroplasty has
become increasingly recognized as a major clinical prob-
lem in both cemented and cementless reconstructions. The
destruction of bone around joint replacements is an adverse
biological response associated with the generation of
excessive wear particles. Wear can be a consequence of
micro motions at the interface between implant and bone
cement. Wear debris from the materials used for joint
replacements stimulate a chronic inflammatory and foreign
body reaction that leads to increased osteoclast differenti-
ation and maturation and decreased bone formation [1]. An
aggressive granulomatous tissue, the interfacial membrane,
develops at the bone/prostheses or bone/cement interface is
shown in Fig. 1. This membrane predominantly consists of
fibroblasts, aggregates of macrophages and foreign body
giant cells. The particulate wear debris from prosthetic
materials and bone cement are phagocytized by fibroblasts
of the interfacial membrane, and then these cells produce
inflammatory mediators and proteolytic enzymes to
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provoke a cascade of osteolytic events [2-5]. The released
cytokines induce the human osteoblasts towards particulate
debris; the osteoblasts increase the levels of interleukine
(IL)-6 and IL-8. Furthermore, the de novo synthesis of type
I collagen is reduced and the expression of the matrix
metalloproteinase (MMP)-1 is considerably increased [6].
Instead of fibroblast and osteoblast cells, the synovial tis-
sue-infiltrating natural killer immune cells play a central
role in degenerative joint disease and particle-mediated
periprosthetic osteolysis too [7].

Diagnosis

Differential diagnosis of a painful hip arthroplasty is a
complex problem. Osteolytic changes may be caused by
numerous pathologic processes, including periprosthetic
osteolysis, infection, metabolic disease and neoplasia.
Careful evaluation of standard roentgenograms should
always be performed and possibly integrated with imaging
modalities, such as CT, MRI and bone scintigraphy to
increase diagnostic accuracy. The typical radiographic fea-
ture of osteolysis is a radiolucent area adjacent to an implant,
sometimes associated with a soft tissue mass [8—10]. If
uncertainty remains, then joint aspiration should always be
considered to exclude infection. Synovial white blood cell
count, C-reactive protein, Interleukin-6 and erythrocyte
sedimentation rate are useful for diagnosing periprosthetic
infections, but the sensitivity and specificity of these tests in

Fig. 1 Conventional X-ray of a loosened total hip arthroplasty. The
arrows show the osteolytic areas
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the early postoperative period remain unknown as hemar-
throsis, and postoperative inflammation may render standard
cutoff values inaccurate [11, 12]. Successful treatment of an
infected joint arthroplasty depends on identifying the
responsible pathogens correctly. The combination of tissue
biopsy and joint aspiration provides improved sensitivity and
accuracy in the diagnosis of total joint infection [13].

Treatment

Aseptic loosening of implants is the most common com-
plication of hip replacement and represents an increasing
problem because of still rising numbers of primary ar-
throplasties. An average rate of aseptic loosening of total
hip arthroplasty is 23.1% for cemented procedures [14].
The surgical management of this problem is well known. A
revision hip prosthesis implantation with or without cement
is typically recommended. The average survival of these
revision prostheses is 92% at 10 years [15].

Periprosthetic infection following total hip replacement
can be a catastrophic complication for the patient. When
possible, the preferred treatment approach is an insertion of
another prosthesis. The treatments available include single-
stage exchange, and two-stage exchange [16]. A single-stage
procedure, debridement with component retention, is an
attractive solution. Success rates in the literature vary widely
(18-90%) according to the patient selection criteria [17]. A
two-stage reimplantation with an antibiotic-impregnated
spacer is a much safer and widely used method; the average
survival of this technique is over 83% [18-20].

Aim of the study

Our hypothesis was that, during the septic and aseptic loos-
ening of total hip arthroplasty, there is a clear pathological
abnormality in the tissue elements building up the interfacial
membrane, which is formed in both forms of loosening.
Besides examining the aseptic interfacial membrane with
differential scanning calorimetry (DSC), we planned to carry
out investigations of membrane destruction caused by septic
complications. A calorimetric examination of this type has
not yet been carried out on international level.

Our aim was to prove with the examinations that there is a
definitive difference in the structure of the aseptic and septic
interfacial membrane. With our measurements, we wanted to
confirm significant differences between calorimetric results
of septic and aseptic origin interfacial membranes.

Earlier examinations have demonstrated that DSC is a
useful and well-applicable method for the demonstration of
thermal consequences of local and global conformational
changes in the organs of the musculoskeletal system. Different
authors have demonstrated thermal effects of degenerative
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processes in various human tissue samples [21-29]. Than et al.
[30, 31] demonstrated clear differences between the various
anatomical origins of the cartilage as well as intact and
osteoarthritic samples with the changes in total enthalpy and
heat capacity, as well as by the shape of DSC scans .

Materials and methods
Sample preparation

The pathologic human samples serving as a basis for
research were derived from the tissue fragments taken
during operations and considered to be a waste material.
Such were the interfacial membrane pieces removed during
operations of revision hip arthroplasties in the cases of
aseptic loosening and during prosthesis removals in the
cases of septic implant loosening. We investigated stem
parts of cemented hip arthroplasties only, and so interface
membranes were harvested from femoral bone/cement
interface. The shape of the samples was cubic with 5-mm
length and contained the full thickness of the membrane
without any bone tissue. Samples were then put into sterile
physiologic saline solution. All the individual samples
were stored separately at 4 °C, not longer than 6 h.

Our measurements were carried out on 8 septic and 12
aseptic samples. The six male and 14 female patients were
between the age of 65 and 75. The aseptic loosening of the
prosthesis was proven using X-ray or CT investigations and
scintigraphy. In the cases of septic complications, we
proved the loosening of the prosthesis with radiography,
scintigraphy, CT imaging and aspiration.

DSC measurements

The pieces of different samples have been prepared and
measured within 6 h of removal. The thermal denaturation of
different parts of human samples was monitored by a
SETARAM Micro DSC-II calorimeter. All the experiments
were performed between 0 and 100 °C. The heating rate was
0.3 K/min. Conventional Hastelloy batch vessels were used
during the denaturation experiments with 850 pL sample
volume (samples plus buffer) on average. Typical sample wet
masses for calorimetric experiments were in-between 100 and
200 mg. Sterile physiologic saline solution was used as a
reference sample. The sample and reference vessels were
equilibrated with a precision of £0.1 mg, and there was no
need for any correction from the point of view of heat capacity
between the sample and reference vessels. Calorimetric
enthalpy was calculated from the area under the heat
absorption curve using two-point setting SETARAM peak
integration. The data treatment after ASCII conversion was
done by OriginPro 7.5.

Statistical analysis

The data in this study were evaluated with the Student
paired ¢ test. Significance was set at p < 0.05.

Results and discussion

According to our knowledge, this study is the first in the
line of interfacial membrane research that used a thermal
analytical method. The aim of our study was to compare
the thermal parameters of the septic and aseptic interfacial
membrane, and to identify any discrepancy or conformity
of the results from different origins of the prosthesis
loosening.

The thermal parameters of the septic and aseptic inter-
facial membranes are absolutely different from those
shown in Table . We proved significant difference
between the calorimetric enthalpy of septic and aseptic
samples: p = 0.005. There was no significant difference
between the average main melting temperature of different
groups: p = 0.40.

The aseptic samples showed a single endotherm dena-
turation with a wide T,,, while the septic ones exhibited
two endotherms with a smaller 7, Fig. 2. It could be the
sign of more severe damage of the tissues, reduced syn-
thesis of type 1 collagen, decreased fibroblast proliferation
and appearance of an aggressive septic granulomatous
tissue. These consequences are supported by the thermo-
dynamic data:

— The calorimetric enthalpy in the aseptic group was on
average ~2 J/g (normalised on wet sample mass),
while in the septic group, it was significantly higher
(~3.21J/g).

— The average main melting temperature was 62.2 °C in
the aseptic group and ~ 60 °C in case of septic one.

— We observed a more pronounced heat capacity change
between native and denatured states in case of septic
probes, which could be explained by the structural
alterations caused by different biological and biochem-
ical processes during prosthesis loosening.

With our investigations, we could demonstrate that DSC

is a useful and well-applicable method for the investigation

Table 1 The characteristic thermal parameters of the denaturation of
the septic and aseptic interfacial membrane samples

Sample T,/°C AH_,/1/g™"

Mean + SD Mean £+ SD
Aseptic (n = 12) 6224+ 02 2.13 £ 0.04
Septic (n = 8) 60.2 + 0.3 3.22 £+ 0.04

T,, melting temperature, AH,, calorimetric enthalpy
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Fig. 2 Thermal denaturation scans of septic and aseptic interfacial
membrane

of the interfacial membranes developed during septic and
aseptic loosening of hip arthroplasty. The pathological
structural changes of the interfacial membrane can satis-
factorily follow this method. These investigations could
help us make correct diagnosis in the problematic cases of
loosened total hip arthroplasty. To verify the septic feature
of a given sample, calorimetry could serve as one of the
quickest procedures available.
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