
ORIGINAL ARTICLE

Rainer Schmidt Æ Rocco Paolo Pitto Æ Alexander Kress
Cornelia Ehremann Æ Tobias Eckhard Nowak

Udo Reulbach Æ Raimund Forst Æ Lutz Müller

Inter- and intraobserver assessment of periacetabular osteodensitometry
after cemented and uncemented total hip arthroplasty
using computed tomography

Received: 31 October 2003 / Published online: 21 April 2005
� Springer-Verlag 2005

Abstract Introduction This study was initiated to eval-
uate the reproducibility of a novel method for measuring
the periacetabular bone density after insertion of ce-
mented and uncemented acetabular cups using CT in
vivo. Materials and methods CT scans were obtained
from 20 patients after cemented polyethylene cup
implantation (ZCA, Zimmer, USA) and 20 patients after
uncemented titanium alloy cup fixation (Cerafit, Cer-
aver, France). A manual segmentation of cancellous and
cortical pelvic bone ventral, dorsal and cranial to the cup
was undertaken. Values are given in Hounsfield units.
Inter- and intraobserver studies were conducted using a
special analysis software tool. To define the reproduc-
ibility of the method, all measurements were evaluated
according to Bland and Altman. Results For both ce-
mented and uncemented acetabular cups, reproducibility
of bone density measurement for cortical and cancellous
bone cranial, ventral and dorsal to the cup was high.
There was no significant difference between the intra-
obsever study (two repeated measurements) and the in-
terobserver study (two investigators), indicating the
reproducibility of the method independent of the
investigator. Conclusion In conclusion, the periacetabu-

lar bone density measurement as conducted in this CT
study is a new reproducible method for in vivo evalua-
tion of cortical and cancellous pelvic bone after ce-
mented and uncemented acetabular cup implantation. In
vivo CT measurements will allow a thorough assessment
of periacetabular stress-shielding phenomena.
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Introduction

Compared with numerous investigations of femoral bone
stress shielding in total hip arthroplasty (THA), little is
known about the periprosthetic pelvic bone after press-fit
cup implantation, and there are no data available con-
cerning bone remodeling after cemented cup fixation.

Periprosthetic bone loss is a common problem of
THA. Loss of periprosthetic bone mineral density can
compromise the outcome of hip arthroplasty and may
predispose to loosening and migration of the prosthesis,
periprosthetic fracture, and problems during revision
arthroplasty [2, 6].

Periacetabular bone density (BD) changes after THA
have been evaluated in vivo after press-fit cup implan-
tation using conventional dual X-ray absorptiometry
(DXA) [20, 22, 26]. In the presence of cement, no reliable
measurements are obtained with DXA [15, 18].

A distinctly better assessment of the bone structures
surrounding the prosthesis can be achieved using sec-
tional views generated by CT by virtue of the higher
resolution [5] allowing a separate evaluation of cortical
and cancellous bone in vivo.

The objective of the present study was to evaluate the
reproducibility of BD values for manual segmentation of
periacetabular cortical andcancellousbone after cemented
and uncemented cup implantation using CT in vivo.
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Patients and methods

To evaluate the reproducibility of our newly designed
method, we conducted inter- and intraobsever pilot
studies. Such investigations are usually analysed inap-
propriately, notably by using correlation coefficients.
For this study, an alternative approach, based on Bland
and Altman [1], was used to assess the agreement and
reproducibility of our method.

Forty hips (40 patients) with osteoarthritis of the hip
joint were operated on by one surgeon. Twenty patients
(group 1; 12 men and 8 women; average age 58.38 years,
range 39–65 years) received an uncemented total hip
prosthesis with a pure titanium hemispherical press-fit
acetabular component, an alumina-alumina pairing, and
a tapered stem (Cerafit, Ceraver Osteal, Paris, France).
The other 20 patients (group 2; 8 men and 12 women,
average age 76.6 years, range 73–90 years) received a
cemented polyethylene cup (ZCA, Zimmer, USA) with
polyethylene-alumina pairing and a cemented stem
(Heritage, Zimmer, USA). CT examinations were per-
formed within the first 12 days after surgery. The study
was approved by the local ethics committee. All patients
signed an informed consent sheet.

The patient was placed in a supine position. On the
frontal scout images, pelvic rotation within the axial
plane was assessed by analysing the morphology of the
obturator foramen and the alignment between the
symphysis pubis and the lumbar spinous processes. For
future follow-up examinations, the patients were repo-
sitioned until the position of the pelvis matched the
postoperative analysis.

Sequence CT examinations (Somatom Plus 4, Sie-
mens, Erlangen, Germany) were performed. A stan-
dardized scan mode was used with 140 kV, 206 mA,

Fig. 1A,B Topograms of a cemented (A) and an uncemented (B)
cup. For the pilot study, one scan was evaluated cranial to the cup
and one scan at the level of the cup

Fig. 2 CT scan taken cranial of a cemented cup. Cancellous and
cortical bone was evaluated
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extended CT scale, field of view of 150·150 mm, slice
thickness 2 mm, table feed (distance between two scans)
5 mm, start 30 mm above the cup to the lower limp of
the cup.

For this study, cancellous and cortical bone of a CT
scan taken 10 mm cranial to the cup (Fig. 1, Fig. 2) and
one CT scan taken at the level of the cup (divided into a
dorsal and a ventral region by drawing a horizontal line
through the centre of the cup) was evaluated (Fig. 1,
Fig. 3). After segmentation of cancellous and cortical
bone, Hounsfield unit (HU) values were assigned auto-
matically to the defined bone portion. The elaboration
of data was performed with a special software tool
(CAPPA_postOP, CAS Innovations AG, Erlangen,
Germany).

CT scans of 20 patients were analyzed for each group
by two observers separately (interobserver) and by one
observer (intraobserver) again after an interval of
2 weeks based on HU. The agreement between the two

raters (interobserver analysis) and between two repeated
measurements (intraobserver analysis) was evaluated
according to Bland and Altman [1]. The plot of
difference between the two observers against their mean
allows the investigation of any possible relationship
between the measurement error and the true value. We
do not know the true value, and the mean of the two
measurements is the best estimate we have. In addition,
we evaluated the correlation coefficient (Pearson) for all
measurements.

All statistical tests were two-sided. The significance
level was set at a=0.05. Calculations were made using
SPSS Version 10 (Chicago, USA).

Results

The agreement and reproducibility of manual segmen-
tation for the evaluation of cortical and cancellous pelvic

Fig. 3A,B CT scans taken at
the level of a cemented (A) and
an uncemented (B) cup. The
gray line runs through the
center of the cup, dividing it
into a dorsal and a ventral part.
For the pilot study, cancellous
and cortical bone of the dorsal
and the ventral regions was
evaluated

Table 1 Reproducibility of bone density measurements (interobserver study): mean bone density (HU), mean difference between the two
observers, interval (limits of agreement, ±1.96 SD) between the two observers, standard deviation, correlation coefficient

Average density
by two raters

Mean difference
between the
two raters

Limits of
agreement
between the
two raters

SD of difference
between the two
raters

Correlation
coefficient

Cranial cortical press-fit 790.5 �12.3 9.7 to �34.3 11.2 0.993
Cranial cortical cement 799.2 0.6 30.6 to �29.4 15.3 0.985
Cranial cancellous press-fit 211.4 0.7 12.9 to �11.5 6.2 0.995
Cranial cancellous cement 301.3 �2.6 9.6 to �14.8 6.2 0.997
Ventral cortical press-fit 597.6 �3.4 32.9 to �39.7 18.5 0.991
Ventral cortical cement 708.7 �5.2 35.0 to �45.4 20.5 0.982
Ventral cancellous press-fit 211.3 2.8 16.9 to �11.3 7.2 0.997
Ventral cancellous cement 327.9 �11.9 6.3 to �30.1 9.3 0.998
Dorsal cortical press-fit 567.7 2.3 24.1 to �19.5 11.1 0.996
Dorsal cortical cement 617.7 5.4 27.0 to �16.2 11.0 0.997
Dorsal cancellous press-fit 180.3 �2.7 10.8 to �16.2 6.9 0.996
Dorsal cancellous cement 248.6 �6.7 2.9 to �16.3 4.9 0.999
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bone was high in both the intra- and interobserver study
for uncemented as well as cemented acetabular fixation
cranial, ventral and dorsal to the cup.

The mean bone density, the mean difference between
the two measurements, the measured interval (limits of
agreement, ±1.96 SD) between the two measurements
(intraobsever) and between two observers (interobserv-
er), the standard deviation, and the correlation coeffi-
cient are given in Tables 1 and 2.

The measured interval is described by Bland and
Altman [1] as ‘limits of agreement’. How far apart

measurements can be without making reproducibility of
the method unacceptable is a matter of judgement [1].
We defined in advance that a difference of the measured
interval should not exceed ±2 SD of the mean BD to
consider the method reproducible.

For Fig. 4 (dorsal sector, uncemented cup, cortical
bone, interobserver study), observer 1 may be up to
24.03 HU above or 19.37 HU below observer 2. This is
acceptable for our purposes considering that the differ-
ence is within ±2 SD of the mean BD of 567.7 HU. The
plot of difference against mean allows us to investigate
any possible relationship between the measurement error
and the true value. The true value remains unknown,
and the mean of the two measurements is the best we
have. In this case, the mean difference between the two
observers is 2.34 HU.

As shown in Tables1 and 2, the results of our mea-
surements were quite similar for intra- and interobserver
studies of all evaluated sectors for both cortical and
cancellous bone of cemented and uncemented cups.
Figure 5 displays a representative selection of our
results.

Discussion

The etiology of bone loss adjacent to an implant is
multifactorial and includes age-related changes, stress
shielding [7, 8, 25], osteolysis [9, 13, 23], micromotion
[14], inadequate cementing technique and thermal
necrosis due to cement polymerisation [8], false orien-
tation of the endoprosthesis [19].

Periprosthetic bone loss after THA may compromise
the long-term clinical outcome of the prosthesis. Bone
loss has in the past been assessed by serial plain radio-
graphs, DXA measurements, and finite element studies.
Especially for the periacetabular bone, the results are
conflicting [3, 7].

Considerable errors arise from the analysis of
sequential radiographs. Nonuniformity of exposure,
variations in the intensity of the radiation field, target

Table 2 Reproducibility of bone density measurements (intraobserver study): mean bone density (HU), mean difference, interval (limits of
agreement, ±1.96 SD) between the two measurements, standard deviation, correlation coefficient

Average
density by two
measurements

Mean difference
between the
two measurements

Limits of
agreement
between the
two measurements

SD of difference
between the two
measurements

Correlation
coefficient

Cranial cortical press-fit 795.8 �1.8 22.1 to �25.7 12.2 0.992
Cranial cortical cement 810.1 5.8 26.6 to �15.0 10.6 0.996
Cranial cancellous press-fit 211.9 0.1 9.7 to �9.5 4.9 0.996
Cranial cancellous cement 307.6 1.3 9.5 to �6.9 4.2 0.999
Ventral cortical press-fit 596.5 �5.6 16.7 to �27.9 11.4 0.997
Ventral cortical cement 709.9 �2.7 19.3 to �24.7 11.2 0.995
Ventral cancellous press-fit 209.7 1.6 9.8 to �6.6 4.2 0.999
Ventral cancellous cement 341.5 �2.2 10.9 to �15.3 6.7 0.999
Dorsal cortical press-fit 638.1 �0.6 19.2 to �20.4 10.1 0.993
Dorsal cortical cement 613.3 �1.2 18.4 to �20.8 10.0 0.998
Dorsal cancellous press-fit 192.3 �0.4 10.8 to �11.6 5.7 0.996
Dorsal cancellous cement 252.9 �2.9 7.3 to �13.1 5.2 0.998

Fig. 4 Bland and Altman diagram of interobserver pilot study,
press-fit cup, cortical bone, dorsal. The average of the two
measurements by the two raters is plotted against the difference
between the two measurements. The dashed-dotted line represents
the mean value of all differences (+2.34 HU) between the two
raters and the dotted line indicates the 95% limits of agreement

294



distance and variations in femoral rotation led to sig-
nificant errors in quantitative densitometric evaluation
[16].

DXA measurements are only capable of investigating
the implant in the anteroposterior (2D measurements)
view. DXA is technically unable to distinguish between
cortical and cancellous bone surrounding the implant
and is limited due to low resolution [4, 24]. Especially for
the periacetabular region surrounding the cup, the
measured regions of interest are large, and therefore
accuracy as well as the spatial relationship of elaborated

data are poor [22, 26]. In the presence of cement, no
reliable DXA measurements are obtained [18].

While the advantages of CT-assisted osteodensitom-
etry over DXA analysis concerning high resolution and
accuracy are obvious, the disadvantage of comparatively
high radiation has to be mentioned. CT images are de-
graded by metal artifacts which generally cause a sys-
tematic error in the measurement of BD without an
increase in the variability of measurements [18, 21].

Finite element analysis in combination with bone
remodeling theories has tried to predict density distri-
bution after THA, but such theoretical models are never
able to consider all relevant parameters involved in the
process of periacetabular stress shielding after THA.
This explains the conflicting results of finite element

Fig. 5 A representative selection of our results (interobserver
study) of evaluated sectors for both cortical and cancellous bone
of cemented and uncemented cups
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analysis presented by different authors. While Huiskes
et al. [10, 11, 12] observed load transfer to the peripheral
bone cephaled to the acetabulum and a decreased stress
distribution to the central bone, Levenston et al. [17] saw
little change to the BMD of the ilium.

To evaluate the reproducibility and accuracy of the
presented method, we conducted an inter- and intraob-
server pilot study. Such investigations are usually anal-
ysed inappropriately, notably by using the correlation
coefficient only [27]. The correlation coefficient measures
the strength of a relationship between two variables, not
the agreement between them, thus the test of significance
may show that the measurements relate, but this is
irrelevant to the question of agreement. Data which are
in poor agreement can produce quite high correlation
[1].

For this study, in addition to the correlation coeffi-
cient an alternative approach, based on Bland and Alt-
man [1], was used to assess the agreement and
reproducibility of our method. It is most unlikely that
the two observers will agree exactly, by giving identical
results for all 20 CT scans measured for each group. We
wanted to know how much one observer is likely to
differ from the other. The plot of difference between the
two observers against their mean allows the investiga-
tion of any possible relationship between the measure-
ment error and the true value.

We were able to demonstrate sufficient agreement for
the intra- and interobsever study for cortical and can-
cellous bone for both cemented and uncemented cups to
consider our method accurate and reproducible for all
measured parameters.

CT imaging presents a good differentiation between
cortical and cancellous bone, cancellous bone and the
implant, and between cancellous bone and cement.
This newly designed CT-assisted method aims to
quantify overall, cortical and cancellous pelvic bone at
the acetabular dome as well as ventral and dorsal to
the cup.

By analysing the BD changes with CT-assisted os-
teodensitometry, a precise and differentiated statement
of the in vivo success of an implant is possible. We will
be able to distinguish the real distribution of bone-load
and stress-shielding phenomena of the pelvis and indi-
rectly the quality of fixation and pattern of loosening
after cemented and uncemented cup implantation in
vivo. Further improvements will be achieved with arti-
fact reduction by means of image reconstruction meth-
ods from raw data. We hope that these artifact-reduced
images will provide additional information concerning
the bone-implant interface area.

Ultimately, the presented method should be capable
of demonstrating the impact of cup positioning, sub-
chondral bone removal, different cup designs and
materials on stress transfer mechanisms of the ilium
after cup insertion and on the long-term results of the
implant. Investigations with this method will show if any
of the predicted results of computer modeling techniques
and DXA around the cup are precise.
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