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Abstract:
Background

Accurate calibration of digital radiographs in arthroplasty is essential for pre-operative planning. Our study was
designed to evaluate the accuracy of using a 20 mm spherical radio-opaque calibration marker placed between the
legs during an AP pelvis X-ray. The marker is then used to calibrate the size of the digital radiograph and measure-
ments can be taken.

Using an AP pelvis view including both hips is desirable as this allows the use of the contralateral hip for
templating.

We used a 20 mm ball bearing in a clear plastic tube as a marker positioned at the same depth as the greater
trochanter, but between the patient’s legs. Placing the marker between the patient’s legs prevents the problem of the
marker disappearing off the side of the image, as is seen when placing the marker at the side of the obese patient.

Method

One-hundred-and-one selected post-operative radiographs were used. The radiographs were calibrated according to
the known head size of the femoral prosthesis, which was obtained from the operation report. The marker between
the legs was then measured to assess the accuracy for its use as a calibration tool.

Results

There was a mean difference of less than 0.1 mm between the measured size of the marker and actual size (20 mm),
with a range of 1.9 mm.

Conclusion
This is a cost-effective, accurate and repeatable method of calibrating the size of digital radiographs.
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Introduction
Hip arthroplasty is one of the most commonly performed ) ) o
orthopaedic procedures for hip arthritis. Meticulous A 20 mm spherical radio-opaque ca l’b.m“””
surgical technique together with adequate pre-operative marker placed between the legs is used

planning and templating are fundamental components of
successful surgery.
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Correct sizing and positioning of components minimise = Ajim
complications.
Oversizing of the acetabular component can result in ~ Our aim was to develop a simple, cheap and reproducible
excessive bone removal, impingement and acetabular = System of calibrating digital radiographs for use in our
fracture. Correct sizing of femoral implants also reduces = arthroplasty unit. We have an exclusively digital system

risk of fracture or loosening and subsidence. (PACS) with the necessary software available for
Pre-operative templating can also make the surgeon : calibration and measurements.

aware of the need for unusual sized components or The study was designed to test the accuracy of placing a

additional instruments.! 20 mm ball bearing as a calibration marker between the

Traditional templating involved overlaying the = legs of the patient during the taking of an AP pelvis X-ray.
manufacturer’s template directly on the analog
radiograph. The standard templates were magnified by 15 = Materials and methods
or 20 per cent to compensate for magnification that occurs
during image acquisition."?

The shift in modern orthopaedics from traditional
radiographs to computerised systems has improved
record-keeping and access to radiographs as well as
providing a tool for measuring and manipulating images = ¢ ¢ : A ¢
for improved interpretation. Most radiology departments i SPlit for easy manipulation (Figures 2 and 3).

now use the picture archiving and communication system Prior to the X-ray the ball bearing was manually
(PACS). positioned in the pipe at the level of the greater trochanter

as the patient stood against the wall (Figure 4). The patient
then lay down and the tube with marker was placed
between the thighs, over the undergarments during the X-
ray (Figure 5). The thighs were internally rotated 15
degrees to minimise neck foreshortening, and the AP
radiograph was taken.* All our radiographers were
familiar with this technique.

One-hundred-and-one digital AP pelvis radiographs
were sourced from our patient records on the digital
PACS. No specific sampling method was used.

Ethical approval was obtained from UFS Ethics
Committee (ECUFS 104/2012).

Our marker needed to be durable, washable and easy for
the radiographers to position so we used a 20 mm
diameter ball bearing placed in a clear plastic pipe which

The contralateral hip is often useful for templating as it
may be less affected and offers a mirror image of the
surgical field. It is thus desirable to be able to see both hips
on the AP pelvis radiograph.

A key aspect is to perform the correct calibration before
measurements are made. This is most commonly
performed using a radio-opaque marker of known dimen-
sions placed in the X-ray field, in this case an AP pelvis.?

Some authors have placed rulers or coins behind the
patient but this can lead to slight errors due to the diver-
gence of the X-ray beam, as the marker and anatomical
structure being measured (e.g. the hip joint) are not in the
same plane.

Markers have been placed beside patients but these need
to be held or supported to remain in the correct plane and
often disappear off the side of the image, especially in
obese patients. A double marker technique has also been
described.?

These markers are often quite elaborate and expensive
(Figure 1).

Heinert et al’ described using the distance from the X-ray
source to the anatomical structure without the use of a
calibration marker.

Other methods include using a mean magnification
factor determined by the radiology department,' but this
can lead to marked inconsistencies.

The hip should also be internally rotated 15 degrees, if Figure 2. The 20 mm ball bearing in split tube
possible, to minimise hip foreshortening and subsequent
inaccuracies in femoral offset estimation.

Figure 3. An illustration ofif;ow the ball bearing in the tube

Figure 1. Examples of commercially available markers projects on aradiograph
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Figure 5. AP pelvis with marker and prosthesis

Figure 6. A ball bearing was magnified and measured
digitally after calibration of the X-ray using the known size of
the femoral head prosthesis.

Radiographs were taken by radiographers on duty in the
department at National District Hospital between 2009
and 2012.

The radiographs all had existing hip implants of known
dimensions with a 20 mm marker between the legs
(Figure 5) and documented operation reports.

All radiographs were individually calibrated and
measured using our computer software on the PACS.

The size of the femoral head prosthesis, as documented
in the patient files, was used to calibrate the image and the
ball bearing marker was then measured using a digital
ruler.

Measured objects were magnified as large as possible on
the digital screen for more accurate readings (Figure 6).

Results

The data was collected by two researchers and analysed by the
Department of Biostatistics at the University of the Free State.

Table I: Measured size

Measured Measure.:m.ent Frequency Per cent
size variation

19.1 09 4 22
19.2 -0.8 4 3.9
193 -07 6 594
19.4 06 3 227
195 -05 7 6.93
19.6 -0.4 9 891
19.7 -0.3 2 1.98
19.8 02 7 6.93
199 -0.1 8 7.92
200 0.0 11 10.89
20.1 0.1 2 1.98
202 0.2 6 3.4
203 0.3 7 6.93
204 0.4 10 9.90
20.5 05 4 396
206 0.6 5 495
207 0.7 2 1.98
208 0.8 2 1.8
21.0 10 2 198

Table I shows the frequencies and related percentages
obtained for the 101 measurements, as well as indicating
the degree of variation from the actual size of 20 mm.
From this, it can be seen that the modal measurement was,
in fact, 20 mm (N=11). This is further supported by a
median also of 20 mm, and a mean measurement of
19.95, only 0.05 mm off the real size.

Conversely, examining the degree of variation, a total
range of deviation was found from —0.9 mm (the image as
measured was 0.9 mm smaller than the actual object) to
1.0 mm, again, obviously, with a mode and median of
0 mm. The mean deviation was —0.05 mm (i.e., the ball
bearing was, on average, under-measured by 0.05 mm),
again with the same standard deviation of 0.48 mm.

The standard deviation (around the mean of 19.95 mm)
was 0.48 mm, giving a 20 range of 18.993 mm-20.905 mm
(meaning that, given a normal distribution and a
sufficiently large sample, approximately 95% of all
measurements would fall in this range), so that images
taken with this technique could be assumed to be accurate
up to 1.007 mm in 95% of all cases. It should be noted,
though, that the actual range of measurements in this
study extended only from 19.1 mm-21.0 mm (i.e., less than
two standard deviations from the mean).

However, given the small sample size, it was deemed
important to obtain a more accurate estimate of the mean
itself, and thus 95% confidence intervals (CIs) for the mean
were computed. This is useful, as the computation of Cls
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takes into account the sample size, and this can provide a
more accurate estimate of what the measurements would
be, given different samples. The 95% ClIs for the obtained
measurements lie at 19.85 mm-20.04 mm, and,
interestingly, the 99% ClIs were a mere 19.82 mm-
20.07 mm. This means that in 99% of cases, it can be
assumed that the actual obtained measurement does not
differ significantly (from a statistical perspective, that is)
from the actual measurement of 20 mm.

This was further corroborated by performing a single-
sample, two-sided  test, comparing the obtained measure-
ments to the actual measurement of 20 mm. This ¢ test
yielded a t statistic of —=1.08 (df=100, p=0.28), confirming that
the obtained measurements did not differ significantly from
the actual measurement of 20 mm. The normal
quantile—quantile plot shown in Figure 7 shows that the
measurements were reasonably normally distributed, with a
few outliers at the bottom end of the range, and Figure 8
plots the distribution of the measured sizes against the
normal distribution.

Discussion

Our results confirm that, with a range of less than 2 mm
(1.9 mm) over our whole sample group and a mean of
19.949 mm, this method was very accurate. This is thus a
simple and accurate technique for marker placement and
subsequent calibration of digital radiographs.

Possible limitations of the study include the fact that the
body mass index of X-rayed patients was not taken into
consideration and may be worth including in future
calibration studies. Obese patients do have less prominent
greater trochanters which could lead to errors in accuracy.

Secondly, although radiographers were trained and
comfortable with our technique, there is the possibility of
inter-observer error with respect to the tube placement.

Thirdly, questions were raised by colleagues during the
study about whether patients were reluctant to allow the
radiographers to place the marker between the legs.

Our results confirm that this method was very accurate

We had no formal complaints but brief pre-X-ray
counselling of the patient as to the reason for the marker
(e.g. greater accuracy and possibly better surgical
outcomes), and the reassurance that the marker was
thoroughly cleaned between uses was effective (Figure 9).

Applications

Digital measurements

Examples of digital measurements taken pre-operatively
after calibration with the 20 mm ball bearing marker are
shown in Figure 10.

Traditional templating

Traditional techniques using template overlay are also
possible after enlarging 20 mm marker digitally to corre-
spond with the 20 mm on the template ruler (Figure 11).

Other applications in orthopaedics

The technique is also used in reconstructive surgery
(Figure 12).
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Figure 8. Distribution of measured size
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Figure 7. Q-Q plot of measured size

Figure 9. Cleaning of the marker tube
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~ 7A: 20.0mm (Calibrated) “- B: 12.1mm (Calibrated

Figure 10. Examples of measurements using the digital rulers after calibration

Figure 11. Traditional clear plastic templates used after
enlarging the radiograph to match the 20 mm marker diameter

Figure 12. An example of the use of this technique in
reconstructive surgery

Conclusion

This technique is a very simple and cost-effective means of
accurately calibrating digital radiographs in arthroplasty.
This method of calibration has become standard practice
in our arthroplasty unit (University of the Free State
Orthopaedic Department).

It has also been used by other departments for sizing
orthopaedic radiographs (Figure 10).

We recommend the use of this calibration method for
templating in hip arthroplasty to minimise complications
such as leg length discrepancy, subsidence, dislocation or
fractures.

No funding was received for the research. No benefits or funds
were received in support of the study.
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