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The degradation process of UHMWPE polyethylene in in vitro conditions under the influence of X-rays
was assessed. For the tests, the samples were submitted to the radiation dosages of 90, 120, and 150 cGy.
The use of copper screening and the use of so-called water phantom made it possible to create samples
of irradiation conditions similar to those occurring in the human body at a depth of 4 cm in soft
tissues. The differential scanning calorimetry method was used for test on the degree of crystallinity
in UHMWPE samples. The test also included friction–wear tests aimed at defining the influence of
irradiation dosage on the wear of UHMWPE. The tests were conducted on the T-05 simulator. For the
tested models, no significant changes were detected.
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1. Introduction

The suitability of polymers like UHMWPE
polyethylene for endoprosthesis elements depends
on the influence of environmental features and
the sterilisation processing. Many publications have
raised the issue of radioisotope thermoelectric gen-
erator (RTG) radiation and its adverse effect on the
properties of polyethylene [1–5].

The surroundings in which the implant operates
significantly influence its parts made of UHMWPE
polyethylene, causing the implant to degrade. It is
very important that the patient, to whom the en-
doprosthesis is to be implanted, undergoes multi-
ple and various dosages of irradiation during diag-
nostics procedures. By using various modifications
of polyethylene, such as stabilising additives, plas-
ticisers, or by changing the basic components of
the polymer, the resistance of the material to these
unfavourable factors is increased. Many physico–
chemical changes take place in polymers exposed to
ionizing radiation, resulting in a change of the mate-
rial properties [6–8]. The main directions of research
related to the irradiation process are narrowed down
to the following issues:

• changes in the morphological structure of the
polymer;

• changes of various properties of the material;
• the formation of radicals, macro radicals,
causing chemical changes in the polymer;

• absorption of radiation energy by the poly-
mer [9–12].

2. Determination of the influence
of irradiation on UHMWPE

As part of the work, friction and wear tests
were carried out to demonstrate the effect of X-ray
dose radiation on the consumption of UHMWPE
polyethylene. The tests were conducted on the sim-
ulator T-05. The scheme of friction node and the
shape and dimensions of the samples are presented,
respectively, in Figs. 1 and 2 [13].

The samples (bush halves) were made of Chir-
ulen 1020 [14] polyethylene and the counter-samples
(rings) were made of the CoCrMo alloy. The
adapted layout imitates the most popular solution
applied in friction nodes of endoprostheses [15]. The
basic parameters of the test were:

• friction path S = 20000 m;
• load on the friction node P = 600 N;
• unit pressure p = 6 N/mm2;
• friction surface F = 1 cm2;
• speed–length ratio V = 0.1 m/s;
• lubricating medium — Ringer’s liquid.

Polyethylene samples were subjected to irradiation
at the following exposure parameters:

• source-to-detector distance SSD = 40 cm,
• X-Ray tube voltage U = 200 kV;
• 0.5 mm Cu filter;
• tube current I = 20 mA;
• field S = 100 cm2;
• dosage rate Dst = 92.37 cGy/min.
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Fig. 1. Scheme of friction node of the simulator
T-05.

Fig. 2. Shape and dimensions of samples [13].

Three variants of parameters of sample exposure
were considered in this work, i.e, (i) D = 90 cGy,
T1 = 0.63 min, (ii) D = 120 cGy, T2 = 0.83 min,
and (iii) D = 150 cGy, T3 = 1.05 min. Here D is the
dose and T is the exposure time.

It should be mentioned that the use of copper
shielding and the use of so-called water phantom,
allowed the creation of irradiation conditions for
samples similar to those that occur in the human
body at a depth of 4 cm in soft tissues.

The results of the samples wear after various
doses of exposure were presented in Fig. 3.

Figure 4 presents the change of friction coefficient
as a friction distance function.

The highest loss appeared in the UHMWPE sam-
ples subjected to a dose 150 cGy. Those subjected
to lower doses were characterized by lower wear.
As presumed, increasing the irradiation dose caused
significantly higher wear of polyethylene. All the ir-
radiated UHMWPE samples presented higher wear
than those that had not been submitted to X-rays
at all. For comparison, a wear curve of a control
samples is plotted.

The table of volume loss of polyethylene sam-
ples on friction distance S = 10000 m is presented
in Fig. 5.

Mating between the friction pairs irradiated
UHMWPE–CoCrMo showed similar friction coef-
ficient. i.e., µ = 0.04–0.08.

As far as frictional resistance is concerned, the
sample of UHMWPE irradiated with 150 cGy dose,
operating with CoCrMo, also showed the highest

Fig. 3. The influence of exposure to irradiation on
friction loss of UHMWPE samples operating with
counter-sample made of the CoCrMo alloy.

Fig. 4. Relation of the friction coefficient and the
friction distance for various exposures.

value. The samples exposed to the doses of 120
and 90 cGy showed a lower friction coefficient when
operating with a metal counter-sample.

Characteristic of the irradiated samples is a large
number of wear products that could be visually no-
ticeable in the lubricating liquid. The analysis of
volume and the quality of wear products will be the
subject of a separate publication.

According to literature sources [16, 17], cross-
linking of UHMWPE under irradiation occurs
mostly in amorphous areas. In the crystallinity ar-
eas, the radicals migrate up to the surface of the
crystal grains, where they merge together, creating
a cross-linked structure.

The samples of UHMWPE exposed to irradiation
have been tested for a change of the crystallinity
degree. The test has been conducted by using the
method of differential scanning calorimetry (DSC).
The material for tests was taken out of the irradi-
ated samples with the use of a microtome. Figure 6
presents the table of the results of the crystallinity
degree affected by radiation exposure.

Based on the tests, it can be concluded that
the difference between the crystallinity degree of
the sample which absorbed a dose of 90 cGy
(Fig. 6, lower column) and the sample that ab-
sorbed 150 cGy (Fig. 6, higher column) is approxi-
mately 5%. A similar difference in the crystallinity
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Fig. 5. Volume loss of polyethylene samples after
friction distance S = 10 000 m.

Fig. 6. Crystallinity degree of the chosen samples.

degree (5.4%) has been noticed between the sam-
ple not exposed at all and sample which absorbed
90 cGy. These observations prove that by the irra-
diation dose, the higher the degree of crystallinity
of UHMWPE is. The increase is ≈ 5% on for every
60 cGy of dose absorbed.

3. Conclusions

1. Along with the increase in irradiation dose,
the volume loss of polyethylene grows, which
is clearly observed in the tested control sam-
ples.

2. In the case of friction resistance, the highest
value had a sample of UHMWPE exposed to
the highest radiation. As the irradiation dose
increased, the friction resistance increased.

3. The higher the absorbed dose is, the higher
the crystallinity degree of UHMWPE is.

4. In future studies, the friction wear tests of
polyethylene UHMW should be carried out
using a special hip and knee simulators that
reflect the operating conditions of the endo-
prosthesis.

5. Subsequently, the focus should be on the
modification of polyethylene allowing for the
increase of tribological properties, including
wear resistance.
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