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FAILURES OF ORTHOPEDIC FIXATION DEVICES

D. O. Cox, J. Pirs and C. N. J. Wagner*

INTRODUCTION

For many centuries materials have been implanted in the human body for
surgical and dental purposes. However, with developments in radiography
and the development of corrosion resistant alloys, recent years have seen
an enormous increase in the number of prosthetic devices. Comprehensive
reviews of the development of metallic inplants have been given by Weisman
[1] and Bechtold et al. [2]. Several reviews have also been given on the
material systems used for biomedical applications, a very good survey
being that of Krouskop and Nevell [3]. As the use of implanted devices
has increased there has been a corresponding increase in the number of
mechanical failures. Some investigators [4-7] have observed that general
corrosive attack contributed significantly to the ultimate failure. In
other instances [8,9] corrosion pits have served as initiation sites for
subsequent fatigue cracks which lead to fracture. A number of cases where
material defects have resulted in fracture have also been reported [10].
Stress corrosion cracking of the alloys commonly used and under the con-
ditions present im vivo is a rare occurrence [11].

At the present time there are five basic metallic material groups which
are used for clinical work [12]:

1) Ferrous base alloys : stainless steel primarily in wrought form

2) Cobalt - chromium base alloys : wrought or cast form

3) Titanium and titanium base alloys : wrought form

4) Tantalum : unalloyed, wrought

5) Precious metals and alloys.

A vast percentage of the surgical implants fabricated are made from three
alloys from these accepted systems. These alloys are 316 L stainless
steel, the cast Co - Cr - Mo - C alloy and Ti - 6 Al - 4 V.

A number of years ago the American Academy of Orthopedic Surgeons became
interested in developing material and performance standards for ortho-
pedic implants. In 1961 they approached ASTM and Committee F - 4 was
subsequently organized to evolve standards which would cover the general
field of surgical implants. At the present time standards for the common
surgical implant materials and some implant devices have been developed.
In many European countries standards have also been developed, however in
many cases there are significant differences between the European and
American standards. Since the common inplant materials had been in use
for many years, the development of material specifications (chemistry,
UTS, RA) was relatively easy. However, development of standards for
design or performance of the implant components is much more difficult.
This results from the fact that there is such great variability between
patients. How the device is used, the type of trauma involved and the
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patient activities after SUrgery vary so much that the forces active on a
device in vivo cannot be estimated with any certainty. These patient
related factors vary so much that establishing a requirement on perfor-
mance becomes almost impossible. This is One reason one finds variations
in the standards developed in the United States and the European countries.
This paper presents additional examples of implants which have failed <nm
vZvo and discusses how the patient related factors mentioned above con-
tributed to the failures.

PROCEDURE AND RESULTS

The fracture surfaces of three broken wrought stainless steel fixation
devices manufactured in Europe were examined using the scanning electron
microscope (SEM). In addition, the dimensions of the parts were compared
to American and European Standards (where available) and the micro-
Structure of the various materials was examined.

Figure 1 shows an intramedulary nail which had been implanted for some
vears in a 36 years old man. SEM examination showed that approximately
60% of the circumference had fractured by fatigue. A typical fatigue
region is shown in Figure 1b. The crack initiated at the end of one of
three side groves on the nail. There was no evidence of a metallurgical
defect in this origin region,

A bone plate shown in Figure 2 was removed from the leg of a 100 years
old woman after one year im vivo., SEM examination of the fracture in-
dicated that fatigue cracks had initiated at the outside surface/counter-
sink junction in two locations diametrally opposed. These fatigue cracks
Propagated at least 75% across the cross-section before final separation
(overload). There was no evidence of a material defect in the origin
area. A comparison of the countersink angle on the broken bone plate

Figure 3 shows a hip nail and intertrochant plate combination which again
failed by fatigue. This device was removed from a 70 years old woman
after many years in vivo.

CONCLUSIONS

In the three implant failures examined, there was no evidence of a met-

allurgical defect or a corrosion pit initiating the fatigue fractures

which occurred. It appears that in each case the fixation device was

subjected to high loads which resulted in Stresses above the fatigue

cndurance limit of the Stainless steel material. This could occur in two

ways:

1) the design was inadequate for the expected (design) loads, or

2) the loads imposed on the component were larger than the expected
(design) loads.

In the first case, the design of the device is such that under expected
loading conditions failures can occur. In the bone plate studied here,
it was found that the countersink angle was larger than that specified
in either the European or American standards. This may have contributed
to the initiation of the fatigue cracks. The development of and adher-
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ence to standards based on designs which have been successtully used in
the past will help eliminate failures resulting from poor design.

The second case involves the patient related factors mentioned previously.
If a fixation device is used in a situation where the bone failes to heal
properly or the patient is more active than they should be after implant-
ation, the loads imposed on the device can be much higher than those for
which it was designed. In this case fatigue cracks will initiate even
though the design and material are sufficient for the intended purpose.
Other than develop stronger biocompatible alloys, there is very little a
metallurgist can do to eliminate this type of failure. The only alter-
native the designer has in this case is to make a more massive, and there-
fore stronger, component which may be impractical due to constrains im-
posed by the application.

This investigation has shown that mechanical failures of fixation devices
can occur in cases where no metallurgical defects are present. These
failures might result from problems in design, but in most cases the high
loads leading to failure result from patient activity before the bone
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(a)

(b)

(®) Figure 2 The Fracture Surface of the Bone Plate

(a) The Fractured Surface of the Bone Plate,
Dimensions of the Bone Plate: Number

Figure 1 The Fracture Surface of the Broken Intramedullary
of Holes: 12, Length of the Plate:

Nail

: . . 202 mm
(a) The bractgr?d Surface of the Nail. hD;gen51ons (b) Fatigue Region on the Fracture Surface,
of the Nail: Diameter 12 mm, Lengt cm Result of Investigation by SEM

(b) A Typical Fatigue Region on the Fracture Sur-
face. Result of Investigation by SEM
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Figure 3
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(a)

(b)

The Fracture Surface of Hip Nail and Intertrochant
Plate

(a) The Fractured Surface

(b) Fatigue Region on the Fractured Surface,
Result of Investigation by SEM
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