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Abstract

Objective. To assess the accuracy and reproducibility of a digital image analyser and the human eye, in measuring radiographic

dimensions.

Devign. We experimentally compared radiographic measurement using either an image analyser system or the human eye with

digital caliper.,

Background The assessment of total hip arthroplasty wear from radiographs relies on both the aceuracy of radiegraphic images

and the accuracy of radiographic measurement.

Methods. Radiographs were taken of a slip gauge (30 £0.00036 mm) and slip gange with a femoral stem. The projected di-
mensions ol the radiographic images were caleulated by trigonometry. The radiographic dimensions were then measured by blinded

observers using both technigues.

Resulis, For a single radiograph, the human eye was accurate to .26 mm and reproducible to 20,1 mm. In comparisen the digital
image analvser system was accurate to (001 mm with a reproducibility of 20,08 mm, In an arthreplasty medel, where the dimensions
of an object were corrected or magnification by the known dimensions ol a femoral head, the human eye was accurate to 0,19 mm,

whereas the image analyser system was acourale 1o 004 mm.

Conelusions, The digital image analysis system is up to 20 times more accurate than the human eye, and in an arthroplasty model
the accuracy of measurement increases four-fold. We believe such image analysis may allow more accurate and reproducible
measurement of wear [rom standard follow-up radiographs. @ 1999 Published by Elsevier Science Lid. All rights reserved.
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1. Introduction

The unparalleled success of Sir John Charnley’s low
friction arthroplasty popularised total hip replacement
with the inevitable sequelae of prosthetic wear and ar-
throplasty failure. Studies have shown that rapid poly-
ethylene wear allows prediction of prosthetic hip joint
failure [1]. Therefore accurate and reproducible wear
measurement is important to predict arthroplasty failure
before gross ostenlysis occurs.

Charnley himself proposed two methods of measur-
ing wear from radiographs. The uniradicgraphic meth-
od subtracted the narrowest polyethylene thickness in
the weight-bearing zone rom the widest polyethylene
thickness in the non-weight-bearing zone, and then di-
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vided by two [2]. The duoradiographic method, mea-
sured the position of the femoral ball in the cup
following implantation, and then again at Tuture follow-
up [3]. The differcnce in these two positions represented
wear when corrected for the magnification factors.
Subsequent laboratory studies by Clarke et al. [4]
showed these methods to be inaccurate, This was prin-
cipally due to radiographs being a two-dimensional
representation of a three-dimensional structure. Conse-
quently the plane of the radiograph was net always in
the plane of maximum proesthetic wear, Howewver,
Wroblewski [3] has validated Charnley’s radiographic
wear methods by assessing prosthetic wear in retrieval
studies.

The assessment of arthroplasty wear from radio-
graphs relies on the accuracy of the radiographic images
and the method of radiographic measurement. We tes-
ted the hypothesis that measurement of radiographic
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dimensions is more accurate and reproducible using
digital image analysis than manual technigues.

Assessment of accuracy relied on comparing the
measurement data with a known dimension. The re-
producibility was assessed by the distribution of data
arcund the mean.

2. Methods

To accurately measure radiographic dimensions
climination of errors is required. Therefore the object
imaged by a radiograph must have a dimension known
to a high degree of accuracy. Only il the object directly
overlaid the film and the X-ray source was al infinity,
would magnification be eliminated. Therefore magnifi-
cation must be minimised and its effect on image size
calculated. The reference dimension used in this study
was a commercially available slip-gange (ECG, Gaug-
ing, Gloucester, UK). The slip-gauge used was a metallic
hlock with a width of 30+ 000036 mm at a temperature
of 20°C,

Radiographic images of the slip gauge were taken at
20°C using a single X-ray machine. The film focal dis-
tance was set at 1000 mm using the calibration inherent
in the X-ray machine. The position of the X-ray source,
the tube voltage and the exposure time were then left
unaltered for all the subsequent radiographs. The same
radiograph cartridge, with intensifying screens, was used
for all exposures. The distance between the exposed
surface of the cartridge and the film within was mea-
sured at the end of the experiment with a digital caliper
with a resolution of (.01 mm (Mitutoyo, absolute dig-
imatic caliper; RS Components, Bristol, UK).

Four radiographs of the slip gauge were taken with
the source centred over the slip gauge to model statis-
tical fluctuation. A further set of four radiographs were
taken of the slip gauge alongside a femoral prosthesis
{Charnley: DePuy International, Leeds, UK), with the
X-ray beam centred over the femoral head (Fig. 1). In
cach of these radicgraphs the slip gauge was placed
adjacent to the femoral prosthesis at its circumference
with its 30 mm dimension lying adjacent to the spherical
head. This latter model was desipned to mimic the re-
lationship of a femoral cup and fermoral head in a ra-
diograph of a hip arthroplasty (arthroplasty model).
There was no attempt to model the soft tissue that
surrounds a real hip arthroplasty, and as a consequence
the object was closer to the film than is possible in vivo.

The identities of these radiographs were blinded to
the observers and they were further disguised amongst
eight similar radiographs taken at different film focal
distances. The radiographs were digitised using the
VXR12 digitizer (Vidar Systems, Herndon, VA, USA)
with 4096 levels of grey resolution. The images were
subsequently analysed using the PC Radscan software

Fig. 1. Radiograph ol arthroplasty model; horizomal width of slip
gauge H mm.

{Howmedica, Rutherford, NJ. USA). Measurement of
dimensions required operator pixel selection, and the
centre of a circle was found by use of compuler-gener-
ated concentric circles. This process was enhanced by
magnification of the image and colour-density-aided
edge detection. Other more complex image analyser
functions were not utilised,

From each of these radiographs the width of the slip
gange was measured five times separately with both the
digital image analysis system and the human eye using
the digital caliper which was certified accurate to £0.02
mm., All these measurements occurred at a constant
temperature of 20°C. For the arthroplasty model ra-
diographs, the diameter of the femoral head was also
measured using an overlay of concentric circles with a
resolution of 1 mm [6]. The value of each measurement
was not seen by the measurer but recorded indepen-
dently to prevent observer bias. The process was then
repeated with a second observer to assess to the effect of
inter-observer error. From these measurements, the
means and standard deviations were calculated.

To calculate the accuracy of both techniques of
measurement, the expected radiographic width of the
upper surface of the slip gauge was calculated using
trigoniometry to correct for magnification. As the di-
mensions in the trigonometric equation were measured
with a finite error, three calculations were performed as
below:

l. Assuming no errors of measurement.
2. Assumning all errors set to give maximum magnifica-

Liom.

3. Assuming all errors set to give minimum magnifica-
tion,

The distances and errors involved in the trigone-
metric calculation are set out in Fig. 2. From these
caleulations the expected width of the upper surface
of the slip gauge was found to be 30.367 £0.006 mm,
Since the slip gauge had a depth of 9.08 £ 0.02 mm, the
lower surface of the slip gauge appeared as smaller
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radiographic projection. Thus a penumbra in-belween
both radiographic projections was cast, which might
have polentially affected the precision of measurement,
Therefore every effort was made o measure the outer
edge, which corresponded with the upper surface of the
slip gauge, with both measurement techniques.

In clinical practice the thickness of the femoral cup is
corrected for magnification using the known diameter of
the metal femoral head. This allows sequential follow-up
radiographs to be compared, with correction for a
variable magnification factor. For the arthroplasty
model, the measured diameter of the femoral head was
used to correct the magnification of the slip gauge using
the following equation:

alip gauge width

_ radiographic slip gange width = femoral bead diameter (22,23 mm)

radiographic femoral head diameter

Since the equator of the femoral head was 11125 mm
from the top of the X-ray cassette and the slip gauge was
only .08 mm. a further small magnification correction
had to be made Lo allow for the greater relative mag-
nilication of the femoral head,

The accuracy for each ol the two techniques, was
assessed by subtracting the observed width of the ship
gauge from the expected width, The reproducibility of
each of the two techniques was assessed as plus or minus

Table |

Accuracy and reproducibility for measurement using the human eve and digital image analyser

1.96 times the standard deviation (i.e. 953% confidence
interval).

Drata analysis was performed on a personal computer
using Student s-lest. The data were analysed in the fol-
lowing subgroups for both the image analyser and the
human eye:

1. Omne observer, one slip gauge radiograph.

2, Ome ohserver, four identical radiographs of the slip
gauge,

3. Two observers, four identical radiographs of the shp

e,

4. Two observers, four identical radiographs of the ar-
throplasty model.

5. Therelore for each consecutive subgroup, a further
source of error is added,

To assess the validity of the digital image analyser
technique against the pre-existing human eye technique,
the data from only one observer was used. Five mea-
surgments on both the four slip gauge radiographs to-
gether with five measurements on the cight radiographs
at various lilm focal distances were compared for the
two measurement techniques, The method Tor assessing
agreement belween two methods of clinical measure-
ment as proposed by Bland and Altman [7] was used.

3. Results

The accuracy and reproducibility for both technigues
in each subgroup of radiographs is shown in Table 1. A
Student r-test of the values for accuracy obtained for
each of the two technigques showed that there were dif-
lerences at the £ = 0.003 significance level, for all of the
data subgroups.

For the single ohserver, single radiograph subgroup
the only sources of error were an error of measurement
and intra-observer error. The image analyser allowed
accuracy to 0.01 mm. However the error of measure-
ment with the human eye was .26 mm. When intra-
radiograph and intra-observer errors were added the
accuracy remained unchanged, However the measure-
mentls became less reproducible. The error of correction
for magnification decreased the accuracy of the image

Data subgroup Human cye

Image analyser

Acouracy (mm}

Fepraducibilicy {mm)

Acouracy {mm) Beproducibility (mm}

I Obgerver/] radiograph 0267 2Py

| Ohserver radiographs 023 025
2 Ohserver’d radiographs .20 0,25
2 Ohserver'd radiczraphs o1 =043

[Arthraplasty maodel)

(L. H{LOR
003 +0L13
(.01 1Y
0.04 L1H

" Denotes significant diference compared with accuracy For digital image analyser in e-test at B (L0035 level.
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analyser measurement method. Nevertheless, the digital
image analyser technique remained significantly more
accurate than the human eyve (< {.005).

To assess the validity, the agreement between the two
measurement techniques was calculaled for one observer
measuring twelve radiographs. In this way the digital
image analyser is comparcd with the best previous
technique. The mean difference between the two tech-
niques was (1.248 mm, with the limits of agresment being
—0.004 mim below and +0.500 mm above,

4. Discussion

The clinical problem of assessing wear [rom radio-
graphs requires reproducible radiographs and an accu-
rate and reproducible method of measuring dimensions
from these radiographs. Simple AP radiographs will
only image wear accurately if the plane of the radio-
graph is in the same plane as the maximum wear,
Therefore a three dimensional imaging technique is re-
quired. CT and MRT are not suitable because of surface
scatter from metal implants [8]. Recently three-dimen-
sional reconstruction from AP and lateral radiographs
have become the gold standard for accurate radio-
graphic maging for wear measurements [9]. Such tech-
niques are nol yel widely available, and most Tollow-up
is performed using the Duoradiogaphic technique as
described by Charnley in 1973, The stated accuracy of
this technique iz +0.5 mm [10)],

fart of the inaccuracy of the duoradiographic tech-
nigue is the inaccuracy of human eyve measurement, In
this simple experiment we have shown that this inacecu-
racy is of the order of (026 mm. This inaccuracy can be
reduced by using a digital image analyser, which in our
experiment has an accuracy of (L01 mm. The superior
accuracy and reproducibility of the digital image ana-
lyser can be attributed to its greater magnification, con-
trast-aided edge detection and a resolution of 0.085 mm
per pixel. In addition the digital image analyser utilises
information [rom many image pixels, whereas the human
eve method utilises information lrom a smaller image.

These accuracy results are from a purely experimental
madel, and no effort has been made to reproduce the
soft tissue around a hip arthroplasty and the effect this
may have on the radiographic imaging.

5. Conclusions

We have shown that a digital image analysis system is
up to twenty times more accurate than the human eye
when measuring simple radiographic dimensions, In an
arthroplasty model the Image Analyser increases the
accuracy of measurement over four-fold and doubles its
reproducibility. We believe such image analysis may
allow more accurate and reproducible measurement of
wear from standard post-operative radiographs.
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