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Background Periprosthetic bone loss is a well-docu-
mented phenomenon after uncemented total hip
arthroplasty (THA); however, little is known about how
bone mineral density (BMD) changes after 2 years.

Patients and methods 14 patients with hip arthrosis
(group A) were operated with a proximally porous- and
hydroxyapatite-coated stem and followed for 10 years
with DEXA, radiographs and Harris hip score (HHS).
Another group of 14 patients (group B) was evaluated at
6 and 14 years using the same prosthesis and protocol.

Results No stem was revised and all stems were well-
fixed. At final follow-up, HHS was 97 points in group A
after 10 years and 94 points in group B after 14 years.
Bone mineral changes in group A were greatest in
Gruen zones 1 and 7, where the losses were 31% and
26%, respectively, after 2 years on the operated side.
The decrease in BMD continued after 2 years and in
Gruen zone 7 it was faster than the rate of bone loss on
the control side. In group B, the annual change in BMD
on the operated side was not significantly different from
the bone loss in group A.

Interpretation Up to 14 years after implantation of a
tapered uncemented stem, the BMD in the calcar region
continues to decrease faster than would be expected
from normal ageing.

Uncemented femoral stems of modern design
have shown promising 10-year results (Keisu
et al. 2001a, Oosterbos et al. 2004, Eskelinen et
al. 2005). Good clinical outcome and persistent

osseointegration have convinced many surgeons
to use this concept, especially in younger patients.
However, proximal femoral bone resorption due to
distal stress transfer (i.e. stress shielding) seems
to occur to a substantial degree. The loss of BMD
occurs most rapidly during the first 3—6 months
after surgery (Nishii et al. 1997, Kroger et al.
1998). Thereafter, a plateau phase appears to be
reached, even though some authors have pointed
out a continuous decline which is faster than the
normal ageing of bone (Kiratli et al. 1996, Rosen-
thall et al. 1999, Aldinger et al. 2003). Concern
has been expressed that in the long run continu-
ous bone resorption may jeopardize the ingrowth
and stability of the implant and increase the risk of
periprosthetic fractures.

We determined the long-term longitudinal
changes in BMD around a tapered uncemented
stem. We also assessed the clinical outcome with
Harris hip score (HHS), and determined the radio-
logical changes.

Patients and methods

A consecutive group of 14 patients (10 women)
with unilateral hip arthrosis (group A), planned
for uncemented THA in 1994-1995, gave their
informed consent for postoperative follow-up with
dual-energy X-ray absorptiometry (DEXA) in
addition to conventional radiographic investigation
in 2 projections and clinical examination. Only
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patients without earlier fractures or other disabili-
ties of the hips, which might interfere with proper
assessment, were included. Mean age at operation
was 57 (49—-67) years. DEXA and the radiographic
investigation were performed within 1 week of sur-
gery and then at 0.5, 1, 2 and 10 years. HHS was
determined at operation and after 1, 2 and 10 years.
No patient was lost to follow-up.

With the purpose of prolonging the observation
time, another group of 14 consecutive patients
with unilateral hip arthrosis (8§ men) operated on
in 1990-1992 (group B) was evaluated after mean
6 (5-8) years and 14 (14-15) years postopera-
tively with DEXA, radiographs, and HHS. These
patients were included using the same criteria as
in group A. The mean age at operation was 53
(38-60) years. 1 man died during follow-up, leav-
ing 13 patients for the final evaluation. The studies
were conducted by physicians who had not been
involved in the surgery.

All patients in both groups received an unce-
mented, collarless stem (Bi-Metric; Biomet Inc.,
Warsaw, IN) made of titanium alloy (Ti-6Al-4V),
where the proximal one-quarter has a circumferen-
tial, plasma-sprayed, titanium alloy porous coating
with a mean pore size of 300 pm. The distal part
has a textured surface with a roughness of 6.9 um.
The porous part has a plasma-sprayed hydroxyapa-
tite (HA) layer of 40—70 um thickness, crystallinity
of 50-70%, and a purity of > 95%. The stem has a
straight 3° proximal-to-distal taper in 2 planes and a
taper from the lateral shoulder to the medial calcar
area. It articulates with a 28-mm modular cobalt-
chrome head of varying lengths of neck extension
(-6, 0, +6 mm). The stem is available in propor-
tional sizes from 7 to 19 mm, with corresponding
lengths of 115 to 175 mm. In both groups, the stem
was combined with an uncemented, porous- and
HA-coated, threaded screw-in cup with a high-
density polyethylene liner. All patients were oper-
ated on by a senior surgeon through a standardized
posterior approach without removal of the greater
trochanter or section of the abductor muscles of
the hip. No patient received prophylactic treatment
against heterotopic ossification. The patients were
mobilized on the day after the operation under the
supervision of a physiotherapist. Postoperative
weight bearing was individualized according to the
preference of the surgeon.

The clinical assessment was conducted using
a standardized questionnaire, including HHS.
Thigh pain in particular was assessed, and it was
graded as either: no pain, mild pain, or pain limit-
ing activity.

The radiographs were assessed by the criteria of
Engh et al. (1990). A component was defined as
having fixation by bone ingrowth if there was no
subsidence and no formation of a radiolucent or
radiodense (reactive) line along the porous-coated
portion of the implant. A vertical migration of 5
mm or more, from the easily identified inferior
border of the coating to the most medial point of
the lesser trochanter, was considered to indicate
definite subsidence. Furthermore, we registered
the occurrence of endosteal bone bridging (spot
welds), radiodense (reactive) and radiolucent lines,
distal cortical hypertrophy, pedestal formation,
femoral osteolysis, and calcar atrophy, defined as
resorption of the calcar femoris adjacent to the
implant (not round-off). Heterotopic ossification
was assessed according to Brooker et al. (1973).
Linear wear rate was measured with a digital cali-
per using a modification of the method of Liver-
more et al. (1990).

The BMD of the periprosthetic femur was
measured in the coronal plane by DEXA (DPX-
L; Lunar Co., Madison, WI) (Mazess et al. 1989).
During scanning, the patient was placed supine
with standard knee and foot supports and with
the femur in neutral rotation. The scanner was
equipped with software for femoral peripros-
thetic bone mineral measurement. This software
detected the interface between the bony part
and the prosthesis stem on the basis of density
changes, and simulated the stem in the form of a
prosthesis mask which was superimposed on the
healthy side. The healthy hip (control side) was
scanned at the corresponding level and BMD was
determined in 7 regions of interest (ROIs) based
on Gruen zones. To avoid the effect of operation
on bone mass, we performed the first measurement
within the first 4 days after the operation (group
A), as proposed by Kroger et al. (1996) and Nishii
et al. (1997). The values were expressed as areal
BMD, in g/cm?2. The ratio between the longitudi-
nal values on each side was calculated. In addi-
tion, to control for the natural ageing process of
the bone, the ratio between the operated side and
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the control side was calculated. To determine the
annual absolute change in BMD, the difference
between the 2 latest values was divided by time
in both groups, to give values in g/cm%/year. All
DEXA measurements were performed with the
same apparatus.

The investigation was approved by the ethics
committee of Karolinska Hospital (D. no. 04-
848/4). The patients gave their informed consent
before being included in the study.

Precision

To estimate the precision error of the DEXA
method, we have earlier made double measure-
ments in 10 patients, with complete repositioning
of the patient and the scanner. We found a preci-
sion error for the DEXA method of 1-4% at the
different Gruen zones (Bodén et al. 2004).

Statistics

Median values of absolute and percentage changes
in BMD were calculated. Wilcoxon signed-rank
test (paired observations), Mann-Whitney U-test
(unpaired observations) and Spearman correlations
were used in the statistical analyses, which were
performed using Statistica software version 7.1
(StatSoft, Tulsa, Okla.) Differences were consid-
ered significant at p-values less than 0.05.

Results
Clinical

None of the stems have been revised to date. All
hips were well-functioning, with a mean HHS of
97 points at final follow-up at 10 years in group
A and 94 points at 14 years in group B. There was
no significant deterioration of HHS with time in
either group. 1 patient in group B complained of
mild thigh pain. 1 patient from each group had
undergone closed reduction for dislocation. None
of the patients had suffered from a fracture of the
femur. No deep infection was registered. During
the follow-up time, 3 patients in group A and 4
patients in group B had undergone a contralateral
THA operation because of osteoarthritis. These
patients were excluded from the BMD analyses
after the contralateral hip operation.

Fixation and remodeling changes of the proximal femur

Group A Group B

(n=14) (n=13)
Follow-up time 10 years 14 years
Engh’s fixation 14 13
Subsidence 0 0
Endosteal bone bridging 12 12
Radiodense lines 2 2
Distal cortical hypertrophy 6 12
Pedestal formation 14 11
Calcar atrophy 5 5
Proximal osteolysis 0 1
Distal osteolysis 0 0
Heterotopic ossification
grade | 2 4
grade Il 2 0
grade Il 0 1
grade IV 0 0

Radiographical findings

None of the stems showed definite subsidence or
other signs of loosening. At last follow-up, accord-
ing to Engh’s criteria (1990), all stems were osseo-
integrated with visible endosteal bone bridging
(spot welds) in 12/14 patients in group A and 12/13
in group B. All structural remodeling changes found
on the radiographs after 10.3 years (group A) and
14.4 years (group B) are shown in the Table.

Bone mineral density findings

In group A, on the operated side the BMD decreased
significantly in the proximal Gruen zones (zones
1, 2, 6 and 7) during the first 6 months postopera-
tively (Figure 1, left panel). After this initial phase,
a retardation of the BMD changes occurred but, in
the trochanteric region (zone 1) and in the calcar
region (zone 7), there was also continued reduction
between 2 and 10 years postoperatively (p = 0.005
and p = 0.003, respectively). There were only small
changes on the control side (Figure 1, right panel).

In group B, the percent differece between the
BMD on the operated side and the BMD on the
control side was calculated at 6 and 14 years post-
operatively (Figure 2). In zones 1 and 7, the median
difference between the operated side and the con-
trol side after 14 years, was 31% (20-53) and 41%
(33-59).The difference in BMD increased in the
calcar region (zone 7) between 6 and 14 years post-
operatively (p = 0.01). Distally, around the tip of
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Figure 1. BMD changes in group A. Median percent difference on the operated side (left panel) and the control side (right

panel) at 4 different times.
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Figure 2. BMD changes in group B.

the prosthesis, no significant change was noted. We
calculated the annual absolute change in BMD after
the plateau phase was reached (after 24 months in
group A and after 6.4 years in group B). There was
no difference in annual change in BMD between
the groups in any zone.

After 2 years and 6 years in both groups, the
annual absolute loss in BMD was greater in zone 7
on the operated side than on the control side (group
A: p =0.02; group B: p =0.03; for group A and B
together: p = 0.001) (Figure 3).

No significant difference in BMD change on the
operated side was detected between sexes, although
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Figure 3. Absolute BMD values in Gruen zone 7 for group
A (0-10 years) and group B (6—14 years).

a trend towards greater BMD loss in women was
seen. On the control side, there was significantly
greater loss of BMD in zones 3 and 5 in women.
In the distal zones (zones 3, 4 and 5), where corti-
cal hypertrophy and pedestal formation were most
commonly found, BMD showed the highest values.
Among the hips with distal cortical hypertrophy, a
tendency towards greater loss of BMD in zone 7
was noted, compared to hips without hypertrophy.
However, the difference did not reach significance
in this small sample. There was no correlation
between linear wear rate and BMD change at last
follow-up in any zone in any group. There was no
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correlation between age of the patient at operation
and BMD change.

Discussion

Stress shielding due to distal load transfer between
the prosthetic component and the host bone is a
common phenomenon on the femoral side after
THA (Engh et al. 1992, Kilgus et al. 1993). It may
predict adverse events such as periprosthetic frac-
tures, stem fractures and loosening. The weakened
bone may also cause complications in revison sur-
gery. This phenomenon has been described most
often with uncemented stems, but remodeling has
also been observed around stable cemented stems
(Cohen and Rushton 1995b, Venesmaa et al. 2003,
Nygaard et al. 2004).

In a laboratory setting, and comparing strain pat-
terns in proximal femurs before and after implant-
ing cemented and uncemented stems, Djerf and
Gillquist (1987) observed that the high stress area
was situated more distally in prosthetic specimens
and that the uncemented stems had the highest
stress concentration. Even so, excellent clinical
results even after 10 years have been reported with
uncemented stems that cause an obvious proximal
bone resorption (Keisu et al. 2001a, Engh et al.
2003, Eskelinen et al. 2005). Assessment of bone
loss on plain radiographs is, however, unreliable
since the loss is not always recognized until 70%
of the bone is resorbed (Engh et al. 2000). Even
though BMD alone cannot allow prediction of bone
strength and quality (Banse 2002), BMD is com-
monly used to estimate the remodeling changes
around implants. By using DEXA, BMD can be
determined with high precision (< 4%, Kiratli et al.
(1996); 1-5.3%, Kroger et al. (1998)). Throughout
our study, all monitoring was done with the same
DEXA apparatus, using the same software and by
the same medical physicist (HJL); and since the
clinical outcome was good in all patients and all
prostheses were radiographically well osseointe-
grated, these results can be regarded as normative
data for the Bi-Metric HA-coated stem.

Using this prosthesis, we have previously found
an average BMD loss of 20% in the proximal
zones up to 2-5 years postoperatively (Bodén and
Adolphson 2004, Skoldenberg et al. 2006). Since

the aim of this study was to investigate whether the
BMD changes continued, we used the value after
the plateau phase (after 2 years) as the baseline in
group A. Assuming that the change is linear, we
calculated the annual change by subtracting the
value obtained at last follow-up from the baseline
value and divided it by the time between the obser-
vations. Since the baseline values for groups A and
B were obtained after different times in situ, and
thereby different degrees of host bone response, we
used absolute BMD changes instead of the more
commonly used relative loss from baseline value.
This enabled us to compare the BMD changes
between the groups. Since no significant difference
was seen between the groups, we can assume that
the remodeling rate is linear up to 14 years.

Many uncemented femoral implants have been
evaluated by DEXA and all intramedullary stems
cause bone loss proximally, predominantly in the
calcar region. Caution must be exercised when
interpreting and comparing results from different
studies, since several influences must be consid-
ered such as: surgical approach (Perka et al. 2005),
definition of ROIs, leg position (Cohen and Rush-
ton 1995a), pre- or postoperative baseline value
(Kroger et al. 1996), and cross-sectional or longitu-
dinal studies (Martini et al. 2000). However, a ten-
dency towards a better retained proximal BMD has
been found after implantation of thinner tapered
stems without porous coating. Korovessis et al.
(1997) and Brodner et al. (2004) used the press-fit
titanium Alloclassic SL stem which—after 4 years
in longitudinal studies—showed only 7% and
14% loss in zone 7, respectively. Also, the tapered
Spotorno CLS stem has been noted to cause only
moderate BMD loss in zone 7. Sabo et al. (1998)
reported a 12% loss after 2 years, and Gibbons et
al. (2001) reported a 20% decrease after a mean of
4 years. Zerahn et al. (1998) reported a 20% loss
after 2 years and Roth et al. (2005) reported a loss
of the same magnitude (19%) after 1 year.

The important issue is whether the bone loss con-
tinues. Most authors have found that the remodel-
ing process has ceased after 1-2 years (Nishii et
al. 1997, Kroger et al. 1998). To the best of our
knowledge, however, only 2 longitudinal studies
covering more than 5 years have been published
and they showed contradictory results. Thus, with
DEXA, Aldinger et al. (2003) demonstrated a con-
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tinuous bone loss in the proximal zones for up to 7
years with the Spotorno CLS stem, while in a 10-
year comparison of 4 different stems with DEXA,
Karachalios et al. (2004) reported a progressive
recovery in BMD for all 4 designs from 2—-10 years
postoperatively. Our findings support the findings
of the former study, since both of our independent
groups of patients (A and B) differed significantly
from the contralateral side in terms of remodeling
rate in zone 7. At variance with the current study,
and with the study of Aldinger et al., Karachalios
et al. used the preoperative value as baseline. Fur-
thermore, they observed a significant increase in
BMD over time, also in the lumbar spine and in
the contralateral hip. This contrasts with the find-
ings of Soininvaara et al. (2004) who showed no
recovery of BMD in any hip or in the contralat-
eral knee after total knee arthroplasty despite good
functional recovery. Another discrepancy between
our study and that of Karachalios et al. (2004) is
the mean age of the patients, which was 18 years
more in the latter study. Differences in remodeling
activity between younger and older patients have
been reported, both at the cellular level (Groessner-
Schreiber et al. 1992) and at the macroscopic level
(Brockstedt et al. 1993). These findings suggest
that younger patients may have a different remod-
eling pattern after insertion of orthopedic implants.
However, in our homogeneous groups, we found
no correlation between age and BMD changes; nor
did we find any ominous radiographic sign in the
elderly patients. This is in accordance with other
studies that have concentrated on patients with
inferior bone quality. Lyback et al. (2004) reported
excellent results with the Bi-Metric stem in patients
with juvenile arthritis, and a similar tapered stem
has shown excellent results in octogenarians (Keisu
et al. 2001b).

An advantage of HA coating has been proposed
by Rosenthall et al. (2000), who demonstrated that
the Multiloc HA stem caused less bone loss after 2
years than the same stem with only porous coating.
In a retrieval study by Coathup et al. (2001), the
Bi-Metric stem was analyzed with and without HA
and they noted more ingrowth and more proximal
attachment of bone to the HA-coated implant sur-
face than to the plain porous-coated implant. Even
so, in our study using a proximally HA-coated
stem, we found a substantial degree of proximal

bone loss with time, suggesting that geometric
design is of greater importance. This is exem-
plified by the work of Rahmy et al. (2004) who
compared 2 proximally HA-coated designs, the
anatomic (ABG) and the tapered (Mallory Head)
stems, and found 10% greater bone loss in zone 7
in the anatomic group after 3 years. Several experi-
mental studies have indicated that close geometric
fit between an uncemented stem and the endosteal
bone of the proximal femur is essential for physi-
ological load transfer (Huiskes et al. 1989, Hua
and Walker 1995). Nevertheless, a custom-made
stem designed from CT information, with opti-
mal proximal fit, proximal HA coating, and with
a narrow tapered shaft, has been reported to cause
losses of about 35% in zone 7 after 2 years (Benum
and Aamodt 2000) and after 5 years (Miiller et
al. 2005). On the other hand, a low stem/cortical
contact ratio was found to be predictive of stem
revision in a large multicenter study of the Porous-
Coated Anatomic stem (Malchau et al. 1997); and,
in a radiographic comparison of the ABG stem with
the Bi-Metric PC stem, the importance of “fit-and-
fill” to prevent subsidence in the ABG group was
pointed out (Laine et al. 2000). It may be more dif-
ficult to achieve a sufficient fit with a standard “off
the shelf” anatomically designed stem—compared
to a straight tapered stem—even though signs of
greater distal stress transfer were obvious with the
Bi-Metric stem after 5 years (Laine et al. 2000).

In a study of the ABG stem, Oosterbos et al.
(2004) described radiographic evidence for how
a proximal-to-distal endosteal densification con-
tinues between 5 and 10 years after implantation.
We have described the same phenomenon for the
Bi-Metric HA-coated stem in a previous report
(Bodén et al. 2006). In long-term follow-up studies
of these stems, designed with a more voluminous
and coated metaphyseal region, one striking obser-
vation has been the absence of radiolucent lines
proximally (McNally et al. 2000, Oosterbos et al.
2004, Bodén et al. 2006). A more favorable stress-
shielding effect is generally observed in designs
with a more slender geometry without coating
(i.e. press-fit stems), but the frequency of proxi-
mal radiolucencies is high, and is progressive over
many years (Donnelly et al. 1997, Siebold et al.
2001, Pospischill et al. 2005, Vervest et al. 2005).
This sign is a known predictor of aseptic loosen-
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ing and revision (Malchau et al. 1997, Khalily and
Whiteside 1998). The slow progressive proximal
bone loss together with excellent osseointegration
that has been demonstrated in the current study
may be preferable in the long run.

Postoperative femoral periprosthetic fracture
is often a severe complication and results in high
morbidity (Lindahl et al. 2005). With only proxi-
mal osteopenia, the trochanteric region seems to
be at greatest risk, but a potential fracture in this
region does not necessarily imply major surgical
difficulties. In a series of 887 tapered and proxi-
mally porous-coated Omnifit stems, Hsieh et al.
(2005) found 23 fractures of the greater trochanter
(3%), of which 15 were successfully treated nonop-
eratively. However, much effort has been allocated
to designing a femoral component that can over-
come the problem of stress shielding while main-
taining a secure fixation. Resurfacing (Daniel et
al. 2004, Kishida et al. 2004), short stems (Morrey
et al. 2000, Roth et al. 2005), stemless femoral
components (Munting et al. 1997, Albrektsson et
al. 1998), the Press-Fit gliding stem (Kriiger et
al. 1998), isoelastic stem by geometry (Butel and
Robb 1988) and composite material (Kérrholm et
al. 2002) are all examples of femoral implants that
have been designed to address this problem. Prom-
ising results from BMD evaluations have been
published for most concepts, but good long-term
clinical results are still to be shown.
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