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Abstract. Bone resorption in the proximal femur is
commonly seen after total hip arthroplasty (THA). With
dual energy X-ray absorptiometry (DXA), the amount
of bone mass (BMD) after implantation of a total hip
stem can be precisely determined. However, prospective
evaluation of the change of bone mass around the stem
is only available for selected stems and short-term fol-
low-up (up to 36 months). We analyzed BMD in pa-
tients who had undergone uncemented THA by DXA.
Only patients with good clinical outcome (Merle d’
Aubigné score > 12) were included to obtain normative
data for regular bone response. Two separate studies
were performed: a prospective longitudinal study over
84 months with baseline values acquired within the first
postoperative week (group A) (n = 26 patients) and a
separate cross-sectional study, median follow-up 156
(124-178) months (group B) (n = 35 patients). Regions
of interest were defined according to Gruen (ROI 1-7)
and as net average ROI (net avg) for the periprosthetic
femoral bone. After the initial remodeling process (12
months), BMD was compared to the 84-month (longi-
tudinal) and the 156-month (cross-sectional) follow-up
values to determine long-term periprosthetic changes of
bone mineral density. The longitudinal study (group A),
after the initial bone remodeling, showed no relevant
further bone loss for women and men with BMD values
1.19 ± 0.15 and 1.40 ± 0.19, respectively, 12 months
(women 89.8%, men 93.6%), and 1.19 ± 0.13 and
1.36 ± 0.18, respectively, after 84 months (women
90.0%, men 91.3%) (P = 0.98, P = 0.08,) respectively.
The distribution of the BMD around the stem changed
during the first 12 months. The ROIs around the
proximal stem (ROI 1 and 7) showed the lowest absolute
values at the 12-month follow-up and BMD in ROI 7
decreased most during the further follow-up until 84
months. The cross-sectional study (group B) showed no
significant difference in BMD (net avg) values at a me-
dian of 156 months follow-up compared to the 12-
month values (group A) (women: P = 0.77, men:
P = 0.44). Initial BMD, implant diameter, and body
mass index did not influence BMD loss (net avg) in this
study, whereas age showed a weak correlation with
BMD loss. The results show that after the initial re-

modeling process, no relevant further bone loss (net avg)
occurs up to 84 months postsurgery, and values after a
median of 156 months are similar. Normative long-term
changes in the periprosthetic bone can be demonstrated
in defined ROIs after implantation of a tapered corun-
dum-blasted titanium stem with a good clinical result.

Key words: Bone mineral density — Dual-energy X-ray
absorptiometry — Uncemented hip arthroplasty —
Titanium stem — Prospective study

Bone resorption in the proximal femur is commonly
seen after total hip arthroplasty and has been observed
predominantly in uncemented THA[1–7]. Bone loss can
be caused by 4 main factors: remodeling as bony re-
sponse to altered strain, i.e., stress shielding of the bone
by the stiffer femoral component, aging of the femur,
osteolysis stimulated by particulate debris, and meta-
bolic disturbance. Consequences of wear-induced lo-
calized osteolysis are well known [8] whereas the effect of
bone loss secondary to remodeling on prosthetic lon-
gevity is less understood, especially in the long term. It
seems advantageous to be able to reliably monitor
changes in bone mass, especially in the regions of stress
transfer, in order to predict adverse clinical outcome.
For this reason normative long-term data of patients
with good clinical outcome and standard osteointegra-
tion are needed for comparison and monitoring.
Changes of periprosthetic bone mass after total hip

arthroplasty (THA) cannot be accurately determined in
conventional X-ray imaging because of change in vari-
ability of parameters during follow-up [9]. With dual
energy X-ray absorptiometry (DXA), the amount of
bone mass (BMD, g/cm2) after implantation of total hip
stem can be determined with high precision [4, 6, 10, 11],
minimal radiation exposure [12], and negligible affection
by metallic implants [13]. The initial bone remodeling
process with postoperative bone loss was found to reach
a steady state after 12 months [6, 11]. Prospective eval-
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uation of the change of bone mass around the stem is
only available for short-term follow-up (up to 36
months) [1–7].
We performed a prospective longitudinal follow-up

study of DXA measurements with a continuous 84-
month follow-up. Additionally, we present the results of
a separate cross-sectional study on patients’ median 156
months after implantation to gain information about
the amount of long-term changes of BMD around the
same type of femoral component.

Patients and Methods

Prospective Longitudinal Study

FromMarch 1993 to October 1994, 94 of 128 patients assigned
for implantation of an uncemented THA gave informed con-
sent for a continuous postoperative follow-up. The diagnosis
leading to THA was primary osteoarthritis in all cases. Pa-
tients with consumptive disease, hormone substitution, or
metabolic disturbances were excluded from this study in order
to obtain normative values. We included only patients without
postoperative complications (infection, hematoma, implant
failure, etc) and good clinical outcome to generate normative
values for regular prosthetic osteointegration. Good clinical
outcome was defined at a Merle d’Aubigné score of more than
12 of 18 possible points at 12 months after surgery and at the
time of measurement [14].
Fifty-three of these patients fulfilled our inclusion criteria

for the longitudinal study (Table 2) and were prospectively
monitored for a period of 2 years [4]. Of this group, 26 patients
(group A) had continuous follow-up for 84 months after the
index surgery, using the same protocol as published previously
[4]. The other patients were either lost to follow-up (n = 1),
died (n = 3), had a complication with involvement of the
femoral stem (n = 3), or did not have continuous DXA fol-
low-up (n = 20) according to the study protocol.

Cross-sectional Study

For a separate cross-sectional study, a subgroup of 35 out of
354 patients (Table 2) treated with uncemented THA from
January 1985 to December 1989 (group B), (median 156
(range: 124–178) months postoperatively) gave informed con-
sent for a single DXA examination at the time of their 10–15-

year follow-up visit and fulfilled the above inclusion criteria.
The demographic data of the longitudinal and cross-sectional
study revealed no significant differences in implant diameter
and BMI. However, male patients involved in the cross-sec-
tional study were younger than those in the longitudinal study
(P = 0.11).

Implant and Postoperative Regime

In all patients investigated, uncemented THA (press-fit tita-
nium Spotorno stem [15], Sulzer Orthopedics) had been im-
planted at our institution. Implant size refers to the diameter at
the distal third of the stem in mm.
All patients underwent the same standardized perioperative

treatment (single dose or 24-h i.v. antibiotics, low-molecular-
weight heparin s.c., indomethacin for 14 days, physical therapy
for 3 weeks) and partial weight bearing for 6 weeks.

DXA Analysis

BMD measurements were performed by DXA with the QDR
2000 (Hologic Inc., Waltham, MA). The patient’s leg was fixed
in 12� internal rotation and 5� flexion using a special device to
achieve reproducible projection and to minimize malrotation
error [3, 16]. Periprosthetic regions of interest (ROI) were
placed around the stem according to Gruen [17] (Fig. 1). ROI
1-3 are lateral and ROI 5-7 are medial dividing the stem into
thirds, with a distance of two pixels (P) to the external rim of
the femoral cortical bone. Because of the variability of the level
of the femoral neck, the proximal-medial ROI 7 was placed
individually in length. ROI 4 was positioned at the tip of the
stem with a standard length of 15 pixels. The overall BMD
were summarized in the ROIs net average. Percentage coeffi-
cient of variation was assessed by two consecutive measure-
ments of 5 patients at 2 days according to the following
expression (Table 1):

100

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð
P

d2=2nÞ
q

ðm1 þm2Þ=2
(Variables are defined as d = difference between two meas-
urements, n = number of measurement pairs, m1 and
m2 = means of the first and second measurements.)
Results were measured as BMD [g/cm2]. The follow-up

values were recorded postoperatively (within 1 week after
surgery, range 2–5 days) and at 3, 6, 12, 36, 60, 84 months in
the longitudinal study and at a median of 156 months in the
cross-sectional study [4, 6, 11].

Table 2. Patient demographics

Parameter Longitudinal study Cross-sectional study

Sex Male Female Male Female
Number (n) 14 12 17 18
Age (years) 59.3 (±6.3) 56.1 (±5.4) 54.6 (±9.1) 55.2 (±9.9)
BMI 28.0 (±3.4) 29.3 (±4.4) 26.6 (±4.0) 28.0 (±4.1)
Implant (mm) 10.3 (±1.2) 8.5 (±2.1) 10.8 (±1.7) 8.6 (±1.9)

Table 1. Percent coefficient of variation (CV%) in ROI 1–7, mean ± SD of ROI 1-1 and NETAVG

ROI 1 2 3 4 5 6 7 Mean ±SD NETAVG

CV% 3.0 2.9 2.0 2.2 2.4 2.8 3.2 2.6 0.5 2.8
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Radiographic Analysis

Radiographs of the affected hip were taken immediately
postoperatively, at 12 months and 84 months in group A and
immediately postoperatively and at long-term follow-up (156
[124-178] months) in group B. The films were analyzed ac-
cording to Gruen and Engh [17, 18]. A femoral stem was re-
garded loose if radiolucent lines > 2 mm were present around
the entire implant, or if change in the varus/valgus > 2� oc-
curred on serial radiographs.

Statistics

Absolute BMD values were used for comparison of netavg
BMD between different time points in the follow-up. All other
analyses concerning BMD in the longitudinal study are based
on relative BMD values, with the postoperative measurement
being the reference value.
Absolute and relative BMD values, as well as demographic

parameters, are described by mean and standard deviation.
Normal distribution was tested by the Kolomogorov-Smirnov
Test. Since no relevant deviations could be observed, mean
values were compared by the one-sample t-test in cases of
paired data and by the two-sample t-test in cases of unpaired
data. The Pearson correlation coefficient was used to evaluate
the correlation between age and initial BMD values. Univa-
riate linear regression analysis was used to investigate the in-
fluence of several factors on bone loss. All statistical tests were
carried out two-sided. Results with P-values lower than 0.05
are described as significant. However, due to multiple testing,
only the primary analyses, namely, the comparisons of 12
months BMD values with 84 months values (paired design)
and with median 156 months values (unpaired design), can be
interpreted as confirmatory. All other analyses are exploratory

and the resulting P-values have to be interpreted accordingly.
The statistic software SAS (SAS Insitute; Cary, NC, USA),
Version 8 for Windows, was used for data analysis.

Results

Differences Between Males and Females

Significant differences in absolute periprosthetic BMD
were found after 12 months, 84 months (group A) and
after a median of 156 months (group B) around the stem
between males and females (P = 0.006, P = 0.003,
P = 0.03), respectively. However, the relative values in
the longitudinal study showed no significant differences
at the two selected follow-up examinations between
males and females (P = 0.18, 0.62). Furthermore, no
difference in change of relative BMD values from 12 to
84 months was observed between males and females
(P = 0.22) (Tables 4 and 5).

Longitudinal Study (group A)

After the initial 12-month remodeling process, absolute
BMD around the stem remained nearly at a stable level
until 84 months, without significant changes (women:
1.19 ± 0.15 (12 mo), 1.19 ± 0.13 (84 mo), P = 0.98;
men: 1.40 ± 0.19 (12 mo), 1.36 ± 0.18 (84 mo),
P = 0.08) (Fig. 2). Mean relative values at 12 months
were: women 89.8%, men 93.6% and at 84 months:
women 90.0%, men 91.3%.
Relative BMD values at 12 months were higher in the

distal ROIs (ROI 3, 5) as compared with the proximal
ROIs (ROI 1, 7). The difference in BMD between ROIs
5 and 7 became still larger during the later follow-up
from 12 to 84 months.
There was a weak correlation between initial BMD

and age at primary surgery in men (r = 0.50); no cor-
relation between these parameters was found in women
(r = )0.14).
Linear regression analysis revealed that age at pri-

mary surgery was also weakly correlated to later bone
loss in both males and females. Other factors such as
initial BMD, BMI, or implant diameter did not relate to
bone loss between 12 and 84 months (Table 3).

Cross-sectional Study (group B)

Male patients in the cross-sectional study were younger
than those in the longitudinal study (P = 0.11). Other
demographic parameters were equally distributed in
both studies. Bone mass (net average) at a median of 156
(124–178) months (group B) revealed no significant
differences compared to the 12 months postoperative
values of group A (women: P = 0.77, men: P = 0.44)
(Tables 4 and 5). Also in group B, lowest absolute values
were observed in ROI 1 and ROI 7.

Fig. 1. Sites of BMD measurement according to Gruen et al.
[17].
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Radiographic Analysis

There was no sign of radiographic loosening in any of
the stems involved in this study. No stress shielding in
the proximal femur in both groups according to Engh
and Bobyn [18] and no radiolucent lines according to
Gruen et al. [17] were detected. Despite evidence of
migration and aseptic loosening of the acetabular cup in
2 cases and acetabular revisions in 4 cases, no radio-
graphic evidence of femoral osteolysis or migration of
the stem was found. These cases were not excluded from
the study because only migration led to revision and
clinical symptoms were minimal with regular activity
level in all patients [19].

Discussion

Dual energy X-ray absorptiometry is a precise method
for quantifying bone mass and small changes in bone

mineral density around femoral implants after total hip
arthroplasty. To obtain baseline values for comparison,
we used the postoperative values, measured within a
week after the index surgery [6, 11, 20]. Short-term
prospective studies have shown that maximum bone
remodeling occurs until 6 months after surgery and
reaches a plateau phase near the end of the first year [3].
After this period, a slow but steady decline in BMD has
been described by several authors for different types of
implants [3, 6, 7]. However, those studies only observed
periods up to 36 months postoperatively.
All patients in our series with mid-to long-term

follow-up had a good clinical outcome, so this bone
response data can be regarded as typical for a well-
functioning Spotorno stem. Despite excellent clinical
results [21, 22], proximal femoral remodeling can oc-
cur, resulting in proximal bone loss. After the plateau
had been reached, BMD in all ROIs (net average)
remained stable for the whole observation period of
84 months. Despite the lack of radiographic evidence,
the distribution of BMD during the observation period
showed a continuous remodeling process with a slow
decline of proximal BMD and stable conditions in the
distal regions of the stem. This observation is some-
what in contrast to the concept of proximal load
transfer advocated by the designers of the implant [15],
who suggested proximal intertrochanteric press-fit.
Our observations suggest that load transfer in this
stem occurs mostly in the meta-diaphyseal region of
the femur.
The cross-sectional long-term study after a median

156-month period (group B) showed no significant dif-
ferences from the 12-month values of the longitudinal
study, however, a slow decline in BMD was noticed.
This phenomenon can be explained by the natural de-

Fig. 2. BMD course of the periprosthetic
femur (NETAVG). An 84-month
longitudinal study and separate cross-
sectional study of a median 156 (124–178)
months postoperatively. Median value and
dispersion (men = triangles,
women = circles).

Table 3. Univariante linear regression analysis of prognostic
factors for BMD loss from 12 months to 84 months

Prognostic factor
Parameter
estimate

Standard
error P-value

Male patients
Age 0.0036 0.0018 P = 0.07
Initial BMD 0.028 0.0732 P = 0.071
BMI )0.0037 0.0037 P = 0.34
Stem diameter )0.063 0.0109 P = 0.57

Female patients
Age 0.0048 0.0028 P = 0.12
Initial BMD 0.197 0.1519 P = 0.22
BMI 0.0048 0.0037 P = 0.22
Stem diameter 0.0091 0.0078 P = 0.27
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cline in BMD in the course of the natural aging process,
as implant diameter and BMD showed no significant
differences between the two groups [23]. If not ac-
counted for by prospective observations (group A), in-
dividual differences (cohort effects) greatly bias
interpretation of the long-term cross-sectional differ-
ences (group B) as representative of longitudinal change,
because interindividual variability of BMD is high. Due
to this variability, absolute normative values cannot be
given and BMD changes are given in percentage of the
initial value. Thus, single DXA examinations during
follow-up have no prognostic value as the initial post-
operative values are unknown. It should further be
noted that relative individual response patterns over the
whole observation period after THA were almost iden-
tical despite large differences in absolute BMD values
found in both groups.
The BMD changes reported in this study were

smaller than those reported by others [18, 24, 25],
however, there are relevant differences between the
present study and other reports. These include different
techniques for determining bone loss [18], cross-sec-
tional study design [24, 25] and design characteristics of
femoral implants [18, 24, 25]. Stiff uncemented compo-
nents, especially those made of cobalt-chrome, transmit
load more distally and are prone to be associated with
progressive bone loss proximally [18]. We suggest that
the more flexible titanium stem used in this study off-
loads more proximally with less bone loss, because it
does not fill the femoral canal distally. Our data repre-
sent longitudinally measured BMD changes in patients
with this specific type of titanium stem. Similar changes
were reported in a canine model, where DXA was used
[25].
Variable bone response cannot be attributed to im-

plant design until one measurement method and a
standard protocol are applied across all patients. The
potential predictive value of initial bone quality (i.e.,
bone mass) on progressive bone resorption has not been
detected in our prospective study, but may yet be seen
as these patients are followed in later years; at this time
(84 months), however, no significant relationship was
found between initial BMD and changes in bone mass
following this type of femoral stem. Moreover, the
absence of an observed effect may also be due to the
subjective exclusion of patients as candidates for un-
cemented THR based on radiographic or surgical evi-
dence of poor bone quality. Finally, the pattern of bone
resorption, determined radiographically, has previously
been reported to occur in a proximal to distal direction
as we found in our study [18, 26]. In our protocol using
the method of Gruen [17], we can reproducibly quantify
the prospective long-term bone remodeling in the
proximal femur.
Some limitations of this study should be considered:

40% of longitudinal patients had to be excluded mostly

due to incomplete continuous DXA follow-up even
though they had been radiographically and clinically
followed with excellent outcome. In addition, the cross-
sectional DXA group included only 10% of patients who
received this stem, but > 90% of patients alive were
reviewed clinically [22]. Clearly there is potential for
bias. However, there was nothing to suggest that pa-
tients not included in these groups were different than
the study group in terms of age, BMI and implant di-
ameter [22]. Also, both pre- and postmenopausal women
have been included in the study, most of them in their
mid 50’s at the time of surgery. It is well known that the
menopause is a period of rapid bone loss in women, but
no significant differences were found in our study.
Furthermore, we did not use the normal contralateral

hip as control for initial BMD for three reasons. First,
from the available literature it would appear that up to
20% difference in the diseased side can preexist [27].
Second, there is no published evidence that preoperative
pain can lead to BMD loss in patients suffering from
OA, and the resumption of normal activity post-op in-
creases bone mass around a hip stem. Nevitt et al. [27]
concluded in their Study of Osteoporotic Fractures
Research Group that ‘‘Elderly Caucasian women with
moderate to severe radiographic hip OA had higher
BMD in the hip, spine, and appendicular skeleton than
did women without hip OA. Our findings are consistent
with a role of elevated BMD in the pathogenesis of hip
OA.’’ Third, some of the patients required THR on the
contralateral side during the observation period thus
preventing its use as a control.
DXA for the assessment of THA remains an exper-

imental method that requires prospective observations.
Its relatively high cost precludes routine examinations
and the method cannot yet be recommended as part of
standard follow-up. It is only of value if baseline post-
operative measurements or ideally prospective follow-up
are available for the individual patient. Although DXA
cannot replace standard methods for diagnosis of oste-
ointegration or subsidence and wear, we do believe that
the data available with this technique will enhance our
understanding of bone tissue adaptation around the hip
stem. Currently, many decisions about successful im-
plant design are based on computer simulation of bone
response and in vitro testing [28–31], BMD data from
patients with THA will validate or refute such extrap-
olations.
Finally, with continued recruitment and follow-up

evaluation of patients, especially when the series in-
cludes a wider range of conditions and a standard as-
sessment protocol, DXA may become a useful tool for
studying bone response for particular types of THA.
Adverse remodeling can be determined earlier than with
routine radiographic assessment. This would be partic-
ularly useful for the evaluation of new implants prior to
widespread use.
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