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Radiostereometric analysis (RSA), was originally developed by Selvik as a method
for performing highly accurate three-dimensional measurements in vivo over
time from sequential radiographs. Since its introduction over twenty years ago,
the RSA method has proven itself as a powerful tool with numerous orthopaedic
applications. The tantalum metal landmarks used in RSA studies have an excellent
radiographic opacity but have raised concern as they are permanently deposited
in bone. A possible solution to this problem is the use of a resorbable biomaterial
with sufficient radio-opacity to replace tantalum metal markers. In this study ba-
rium sulphate is used as an opacifier in the creation of bioactive radio-opaque ce-
ramic spherical markers for RSA. The prediction interval of the RSA measurements
for accuracy of translation in the longitudinal axis was + 38 um (R2 >0.99, P<0.001)
and the corresponding value for rotation was + 0.64 degrees (R2 =0.94, P<0.001).
The precision of translation was found to be 9 um and the precision of rotation
was found to be 0.18°. The results of this in vitro simulation model indicate that
ceramic beads with sufficient radio-opacity can be used for accurate RSA analysis.

Introduction

Radiostereometric analysis (RSA), also known as
roentgen stereophotogrammetric analysis, was origi-
nally developed by Selvik as a method for perform-
ing highly accurate three-dimensional measurements
in vivo over time using sequential radiographs (1).
The RSA method has proven itself as a powerful tool
with numerous orthopaedic applications (2) ranging
from studies of skeletal kinematics and fracture heal-
ing (3,4) to the assessment of total joint replacement
implant stability (5,6).

The RSA method allows very accurate measure-
ment of three-dimensional displacements of body
parts or implants in vivo (1). The method has been
described extensively (1,2). It is based on implanta-

tion of metallic landmarks (tantalum beads) into the
body segments to be studied. Dual simultaneous ra-
diographs are used in association with a calibration
cage. The calibration cage contains a number of tanta-
lum beads which are held in fixed, well-defined posi-
tions enabling the construction of a three-dimensional
coordinate system. The body part to be studied is ei-
ther placed inside or in front of the calibration cage
depending on its size. A pair of radiographs is then
used to determine the location of the markers three-
dimensionally, and this enables the calculation of rela-
tive displacements between different segments using
special designed software. The RSA method enables
highly accurate measurement of both translation and
rotation in three dimensions (7,8).
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The tantalum metal landmarks used in RSA stud-
ies have an excellent radiographic opacity but have
raised concern as they are permanently deposited in
bone. A possible solution to this problem is the use of
a resorbable biomaterial with sufficient radio-opacity
to replace tantalum metal markers. Bioactive glasses
are resorbable and are also known to form chemical
bonds with bone (9). The ability of bioactive glass to
bond with bone provides the additional advantage of
guaranteed marker stability when anchored in bone.
Bioactive glass can also be manufactured in various
morphologies such as spheres and rods.

The main shortcoming of bioactive glass is that it
has a radio-opacity similar to that of cortical bone thus
making it difficult to be used as such in RSA stud-
ies (10). Radio-opaque additives are of great value in
surgical practice. The most commonly used opacifiers
are barium sulphate (BaSO4) and zirconium dioxide
(ZrO2). Barium sulphate is a commonly used radio-
graphic contrast agent and is commonly used as an
opacifier in bone cement. In this study barium sul-
phate is used as an opacifier in the creation of bioac-
tive radio-opaque ceramic spherical markers for RSA.
A detailed analysis of the characterization, bioactivity
and biomechanical properties of this new ceramic will
be presented in a separate study. The goal of this study
is to verify that these markers can be used to replace
tantalum markers in RSA studies.

Materials and methods

Glass spheres (bioactive glass with 10 wt % barium
sulphate) with diameter of approximately 1.5 mm
were manufactured. These spheres were used as mark-
ers in the RSA study. The glass was manufactured in
Abo Akademi University, Finland.

A porcine radius was used in the study. All the soft
tissue was initially removed. An experimental distal
extra-articular fracture (two-fragment) was created by
osteotomizing the distal metaphysis of the radius. A
total of ten ceramic markers (diameter 1.5 mm) were
implanted with five placed proximally and five distally
to the fracture site. The markers were inserted using a
drill and manual placement. The markers were distrib-
uted in a way, which simulates clinical insertion of the
markers through a limited surgical approach. In order
to ensure no movement of the markers, the insertion
holes were sealed using liquid adhesive. The proximal
end of the radius was rigidly fixed to a plexiglass base
plate (figurel).

Figure 1. Placement of the radius (plastic sawbone in
place of porcine radius) with translation and rotation
stages on the plexiglass base plate. The proximal radius
and the x,y,z translation stage were firmly fixed to the
plexiglass plate.The distal fragment of the radius was
allowed to move freely with respect to the proximal part,
but the proximal radius and translation stage were fixed
with respect to each other through their attachments to
the plexiglass plate.

In the first part of the study (experiment 1) the
distal fragment of the radius was rigidly attached to
a high precision x,y,z translation stage (M-460A-xyz,
Newport, Irvine, CA, USA) via a plastic holder con-
nected to a high precision rotation stage (M-UTR80,
Newport, Irvine, CA, USA). The translation stage was
instrumented with three Vernier micrometers (mod-
el SM 13, Newport, Irvine, CA, USA). According to
the manufacturer the system is accurate to 0.001 mm
for translation with an angular deviation of less than
0.009° and accurate to 1/60° for rotation with a wob-
ble of + 0.003°. The translation stage was fixed to the
same plexiglass base plate as the proximal part of the
radius (figure 1). The distal fragment was then aligned
with the proximal radius as before the fracture but
with a clearance of at least 1 mm from it in the longi-
tudinal axis. This experimental set-up allowed transla-
tion movements in three axes and rotation about the
longitudinal axis. The porcine soft tissue initially re-
moved from the limb was suspended around the bone
on a specially designed frame to simulate accurate ra-
diographic contrasts in the study.

The plexiglass base plate with the fracture model
was then placed inside a calibration cage (Cage type
10, RSA biomedical AB, Umesi, Sweden). The base
plate was visually aligned (without instrumented aid)
to the RSA cage. The calibration cage had tantalum
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Figure 2. Schematic of the set-up (side view). The two
X-ray tubes were placed so that the beams intersected at
approximately 90°.

Figure 3. Anteroposterior (left) and lateral (right) stereo-
radiographs of the experimental setup. The five ceramic
markers, both proximal and distal to the osteotomy could
be clearly visualized in both projections. The control
markers in the cage are visible in the background. The soft
tissue placed around the porcine radius is also visible.

markers with known positions embedded in the walls
overlying two radiographic film cassettes, which were
held into a built-in cassette holder for standard size
film. Digital film plates (ADCC MD 10, Agfa-Ge-
vaert AG/CAWO, Schrobenhausen, Germany) of a
standard size (24 x 30 cm) were used. Two portable ra-
diographic tubes (Siemens Mobilett Plus and Siemens
Mobilett, Siemens-Elema AB, Solna, Sweden), were

mounted so that the beams crossed at an angle of ap-
proximately 90° (figure 2). The distance of each radio-
graphic tube from the film was standardized and the
radiographic tubes were operated simultaneously.

First, one double examination was first performed
with the distal fragment in zero rotation and transla-
tion. This was done in order to obtain baseline read-
ings to which other movements would be compared.
Isolated translation along the longitudinal axis was ex-
amined, during which no rotation was permitted. Two
series were obtained, consisting of proximal and distal
displacements along the longitudinal axis. For each of
these directions a film pair was exposed at the follow-
ing displacements: 25 pm, 50 pm, 100 pm, 500 pm,
1 mm and 2 mm. A total of 12 film pairs were ob-
tained.

Eight double examinations were then performed
in order to determine the accuracy of rotation of the
distal fragment along the longitudinal axis. The distal
fragment was rotated using the high precision rotation
stage while allowing no translation to take place. The
fragment was rotated both clockwise and anti-clock-
wise to the following angles: 1/6°, 1/2°, 1°, and 2°.
A simultaneous film pair was exposed for each incre-
mental rotation. A total of 8 film pairs were obtained.

In order to determine the precision of translation
measurements, the model was exposed once at zero
and thereafter five times after a single distal 200 pm
displacement along the longitudinal axis. In order to
determine the precision of rotation along the longi-
tudinal axis the model was exposed five times after
a clockwise rotation of 1/2°. Thus a total of 10 film
pairs were obtained.

The digital radiographs were converted from DI-
COM to TIFF format for analysis. Marking of the
images was performed with UmRSA Digital Measure
1.0 software (RSA Biomedical Innovations AB, Ume3,
Sweden). The RSA determination of the migration of
the distal fragment of the radius relative to the proxi-
mal part was performed by using the “segment mo-
tion” method of the UmRSA 4.1.0.10 software (RSA
Biomedical Innovations AB, Ume3, Sweden).

The displacement of the markers in the distal frag-
ment in relation to the markers in the proximal radius
was determined for each film pair.

Linear regression analysis was used in order to re-
late the displacements as measured with RSA to the
actual displacements measured with the micrometers.
Accuracy was presented as the 95 % prediction inter-
val (PI) as used by Onsten and co-workers (11). This
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interval is obtained by first determining the lower and
upper bounds for the prediction interval for each ob-
servation and then calculating the mean of the inter-
vals for each observation. Precision was calculated as
the standard deviation of the five repeated measure-
ments of the 200 pm displacement and of the five
repeated 1/2 degree rotations along the longitudinal
axis. All statistical analyses was performed using Sig-
maStat 2.03 software (SPSS Inc.,Chicago, IL).

Results

All the markers implanted into both the proximal ra-
dius and the distal fragment could be visualized in
both pairs of radiographs from all film pairs (figure
3). The prediction interval of the RSA measurements
for accuracy of translation in the longitudinal axis was
+ 38 um (R2 20.99, P<0.001) and the correspond-
ing value for rotation was + 0.64 degrees (R2=0.94,
P<0.001). The precision of 200 pm translations was
found to be 9 pm and the precision of 1/2 ° rotations
was found to be 0.18°,

Discussion

This in vitro study shows that ceramic beads contain-
ing barium sulphate as an opacifier can be used to re-
place tantalum markers in RSA studies. The accuracy
and precision of RSA are slightly lower than those ob-
tained in a similar setup using tantalum markers (7),
but similar to those obtained in phantom studies of
hip arthroplasty (8,11). The difference in accuracy is
most likely to be due to the lower radio opacity of
the ceramic markers as well as to the fact that being
hand-made, the markers were not perfect spheres but
approximations. Lower radio-opacity and imperfect
spherical shape complicate the process of marker cent-
er location and make it less accurate. Detailed analysis
of the properties of this new ceramic will be published
separately. Barium sulphate is one of many radio
opaque substances that can be used to increase the
radio opacity of bioactive glass, further studies need
to be performed in order to determine which radio
opacifier is best at low concentrations, thereby mini-
mally disturbing the bioactive and chemical properties
of the glass.
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