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Abstract
Summary In a cohort study, bone mineral density (BMD)
around uncemented femoral components after total hip
arthroplasty (THA) was evaluated. The results suggest that
there are no clinically relevant changes in overall peripros-
thetic BMD in the second decade. However, continuous
remodeling with limited proximal bone loss (stress-shielding)
occurs, predominantly in female patients.
Introduction Progressive periprosthetic bone loss and stress-
shielding are a major concern in THA. Little is known about
the extent and pattern of periprosthetic bone remodeling
around uncemented stems in the second decade.
Methods In a cohort study, periprosthetic BMD was
measured in 131 patients with 146 uncemented CLS stems
using dual-energy X-ray absorptiometry (DXA) at a mean
of 12 years postoperatively (t1). Patients were followed
clinically and radiographically, and a second DXA was
performed at a mean of 17 years postoperatively (t2) using
the identical protocol.
Results We obtained a complete set of two consecutive
DXA measurements for 88 hips (78 patients, 35 male,

43 female). On radiographic evaluation at t1 and t2, regular
bone ongrowth was present in all cases and no signs of
radiographic loosening, severe bone loss or diaphyseal
cortical hypertrophy were detected. There was no clinically
relevant change in overall periprosthetic BMD (netavg)
between t1 and t2 for both male and female patients. We
analyzed the differences in BMD in the periprosthetic
regions of interest (ROIs) according to Gruen and found a
slight decrease in periprosthetic BMD in ROI 7 in male
patients and in ROIs 1, 4, 6 and 7 in female patients.
Conclusions The study suggests that there are no clinically
relevant changes in overall periprosthetic BMD around
stable, straight uncemented stems between 12 and 17 years
postoperatively. However, continuous remodeling with
limited proximal bone loss occurs, predominantly in female
patients. After secondary osteointegration of this implant,
stress-shielding remains minimal in the second decade.

Keywords Arthroplasty . DXA . Hip . Remodeling .

Uncemented

Introduction

Straight, uncemented titanium stems have recently dem-
onstrated good and excellent long-term survival rates at
15–20 years after surgery, comparable to the reported
outcomes of well-cemented femoral stems [1–3]. One
major concern with regard to long-term stem performance
is progressive periprosthetic bone loss that may reduce
implant stability, leading to subsidence and aseptic
loosening [4]. Stress-mediated bone resorption (i.e., stress-
shielding) at the metaphyseal region of the proximal femur
as a result of distal load transfer may affect the clinical
outcome of total hip arthroplasty (THA) and will make
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revision surgery difficult [5]. There is also concern that an
increased risk for late periprosthetic fractures is present in
cases of substantial bone loss around the implant [6].
Although the consequences of stress-shielding for implant
survival are controversely discussed, the preservation of
femoral and acetabular bone stock after THA is a desirable
goal, and it seems advantageous to monitor changes in bone
mineral density (BMD) and the underlying remodeling
pattern in the second decade after implantation.

In the literature, data on changes in BMD after 10 years
is only available for selected stems and small patient
numbers [7–10]. To our knowledge, there is no study that
investigates bony remodeling in periprosthetic BMD within
the second decade after THA comparing potential differ-
ences between male and female patients.

The aim of this investigation was to determine the extent
and the pattern of periprosthetic bone remodeling following
uncemented THA around a straight, double-tapered, grit-
blasted titanium stem (CLS, Zimmer, Warsaw, IN, USA).
We performed a cohort study at a mean follow-up of 12 (t1)
and 17 (t2) years postoperatively using dual-energy X-ray
absorptiometry (DXA) to prove or reject the presence of
relevant bone loss or remodeling in males and females in
the second decade. We also assessed radiographic changes
on plain radiographs and determined clinical outcomes
using the Harris hip score (HHS) and Devane activity score.

Methods

Cohort study

Between January 1985 and December 1989, 326 consecutive
patients (166 male, 160 female, 354 hips) underwent primary
THA at our institution. In all patients, an uncemented, straight,
titanium stem (CLS Spotorno®, Zimmer, Warsaw, USA,
Fig. 1) with a centrum collum diaphysis (CCD) angle of
145° was implanted using the press-fit technique described
by Spotorno et al. [11]. The rectangular CLS stem is wedge-
shaped and tapered in all three planes with proximal, anterior
and posterior located ribs/flutes. Secondary osseointegration
is achieved by osseous ongrowth to the grit-blasted implant
surface. The implant is made of Ti6Al7Nb alloy with a
microporous surface treatment (Ra=4.4 μm). Three hundred
forty-nine hips (99%) underwent acetabular reconstruction
using smooth, uncemented, threaded cups: 222 hips (63%)
received a threaded, spherical, uncemented Mecron cup
(Mecron, Berlin, Germany) and 127 hips (36%) received a
threaded, conical, uncemented Weill ring (Zimmer Warsaw,
USA). In five hips (1%), a cemented cup (Braun/Aesculap,
Tuttlingen, Germany) was used. A polyethylene-bearing
surface and a 32 mm Biolox ceramic head (Ceramtec,
Plochingen, Germany) were implanted in all cases. The

operative procedure, the postoperative protocol, clinical and
radiographic long-term results and stem survival rates of this
cohort have been previously reported [1, 12].

To determine changes in periprosthetic BMD in the
second decade, we performed baseline measurements at a
mean of 12 years postoperatively. From the initial cohort of
354 hips (100%), 59 hips (17%) deceased, 25 hips (7%)
underwent femoral revision and 8 hips (2%) were lost to
follow-up. For 116 (33%) hips, patients refused to
participate in the study for DXA measurements.

A total of 131 patients (146 hips, 41%) gave informed
consent and underwent a DXA examination at a mean
follow-up of 12 years postoperatively (t1, range 10–
15 years). Patients were prospectively monitored and a
second DXA was performed on 78 patients (88 hips, 25%)
at a mean follow-up of 17 years (t2, range 15–20 years)
using the identical protocol. From the original cohort of
146 hips (t1), 17 hips (12%) were deceased and 14 hips
(9.5%) were not able to attend the second DXA
examination due to various health conditions. Eight hips
(5.5%) were excluded because of a late periprosthetic
fracture with consecutive revision surgery. For 19 hips
(13%), patients either did not give consent for a second
DXA or were lost to follow-up.

The demographic data and the preoperative diagnoses
leading to primary THA at t1 and t2 are given in Table 1.
Patients with consumptive or metabolic disease, hormone
substitution or medication affecting bone metabolism

Fig. 1 CLS stem (Zimmer,
Warsaw, USA)
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were excluded from the study to generate normative values
for regular implant osteointegration.

All patients gave informed consent prior to inclusion
and the study was approved by our university institu-
tional review board (reference 346/2004) and by the
Federal Office for Radiation Protection/Germany (refer-
ence Z 5-22462/2-2004-056).

Clinical and radiographic follow-up

Clinical follow-up was performed using the HHS [13].
Patient activity at final follow-up (t2) was assessed
according to Devane et al. [14, 15].

At t1 and t2, low-centered pelvic radiographs and lateral
radiographs of the hip were taken and independently
examined by two experienced orthopaedic surgeons to
determine stem subsidence, radiolucent lines, cortical
hypertrophy, osteolysis, stress-shielding and femoral loos-
ening. Stem subsidence was defined as continuous migra-
tion of >5 mm on anteroposterior radiographs comparing
the appearance on the first postoperative radiograph to the
radiographs taken at t1 and t2. Radiolucent lines and areas
of osteolysis were described according to the zones
established by Gruen et al. [16]. Bone hypertrophy was
defined as thickening of the distal periprosthetic diaphyseal
bone of >2 mm on the most recent anteroposterior radio-
graphs (t2) compared with the measurement on radiographs
taken at t1. Osteolysis was defined as areas of localized
bone resorption or endosteal erosion [17]. Stress-shielding
was determined according the criteria of Engh et al. [18].
We considered only second-, third- and fourth-degree
stress-shielding with resorption of cortical bone medially,
anteriorly or laterally to be stress-shielding. The femoral
stem was regarded as loose if a radiolucent line of >2 mm
in width was present around the entire implant or if a

change in varus/valgus alignment of >2° occurred on serial
radiographs.

DXA analysis

Femoral BMD (g/cm²) was measured with DXA using the
QDR 2000® (Hologic, Waltham, USA) with an identical
and examination protocol at t1 and t2 following the
manufacturer’s guidelines. BMD was determined with the
manufacturer’s metal and soft tissue removal software
(version 7.2, Hologic). At t1 and t2, the identical scanner
and software version were used and the examination was
performed by the same technologist. Comparison mode was
used to ensure reproducible placement of the periprosthetic
regions of interest (ROIs) at t2 compared to the baseline
measurements performed at t1. Measurement precision
was assessed using a spine phantom prior to all DXA
examinations (Spine Phantom #1179; Hologic). Coeffi-
cient of variation over the 5-year follow-up period was
1.53%.

The patient’s leg was fixed in 12° internal rotation
and 5° flexion using a positioning device to achieve
reproducible projection and to minimize malrotation
errors [19, 20]. Periprosthetic ROIs were defined around
the stem according to the zones described by Gruen et al.
[16] (Fig. 2). ROIs 1–3 were placed lateral and ROIs 5–7
were placed medial, dividing the stem into thirds. Because
of the variability of the level of the femoral neck, the
proximal medial ROI 7 was defined individually in length.
ROI 4 was positioned at the tip of the stem with a standard
length of 15 pixels and with a distance of 2 pixels (P) to
the external rim of the femoral cortical bone. For each
ROI, BMD was expressed in g/cm². Overall periprosthetic
BMD was summarized in the ROIs (1–7) net average
(netavg) in g/cm².

Table 1 Demographics and preoperative diagnoses of the DXA cohort at 12 (t1) and 17 (t2) years postoperatively

Demographic data t1 t2

Total Female Male Total Female Male

Patients (n) 131 73 58 78 43 35

Hips (n) 146 (100%) 79 (54%) 67 (46%) 88 (100%) 50 (57%) 38 (43%)

Age, years (range) 54.5 (15–74) 51 (15–69) 56 (23–74) 52.1 (23–69) 51.5 (25–69) 53 (23–69)

BMI, kg/m² (range) 26.9 (19–37) 27 (19–36) 26.7 (19–37) 27.1 (18–33) 27.7 (18–33) 26.3 (18–32)

Osteoarthritis 80 (54%) 39 (49%) 41 (61%) 47 (53.5%) 21 (42%) 26 (68.5%)

Dysplastic OA 40 (27%) 30 (38%) 10 (15%) 31 (35.5%) 26 (52%) 5 (13%)

Avascular necrosis 10 (7%) 3 (4%) 7 (10.5%) 4 (4.5%) 1 (2%) 3 (8%)

Posttraumatic OA 8 (6%) 0 (0%) 8 (12%) 4 (4.5%) 0 (0%) 4 (10.5%)

Rheumatoid arthritis 2 (1.5%) 2 (2.5%) 0 (0%) 1 (1%) 1 (2%) 0 (0%)

Femoral neck fracture 2 (1.5%) 2 (2.5%) 0 (0%) 1 (1%) 1 (2%) 0 (0%)

Other 4 (3%) 3 (4%) 1 (1.5%) 0 (0%) 0 (0%) 0 (0%)
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Statistics

Distributions of clinical data in groups of patients with and
without follow-up measurement at t2 were compared by the
Mann–Whitney U-test in case of continuous data and by
Fisher’s exact test in case of categorical data using only one
observation per patient. For descriptive analysis, mean
absolute BMD values (g/cm2) were calculated at t1 and t2
for overall BMD (netavg) and BMD in the periprosthetic
ROIs 1–7 directly from the measurements. Changes
between the BMD measurements at t1 and t2 are expressed
as difference of either absolute values or relative values (%)
with the t1 measurement being the reference value.

Since DXA measurements were performed bilaterally in
n=10 patients, mixed linear models were used to estimate
mean changes (absolute and relative) of BMD values with
95% confidence intervals (CI) and to test mean changes of
absolute values against zero. An absolute change in BMD
of 0.05 g/cm² was defined as clinically relevant. Results
with p values<0.05 were considered statistically signifi-

cant. However, due to multiple testing and estimation, only
the results concerning changes in mean netavg values,
which was defined as primary endpoint, can be interpreted
in a confirmatory sense. Statistical analyses were performed
using the Statistical Analysis System Software, Version 9.1
for Windows (SAS Institute, Cary, USA).

Results

Demographics

A complete set of data was obtained for 88 hips (78 patients, 35
male, 43 female). Comparing the DXA cohort at t1 (146 hips)
to the patients of the initial cohort who were not included in the
study (208 hips) showed no significant differences with regard
to preoperative diagnosis (p=0.08) and body mass index
(BMI, p=0.14). However, the DXA cohort was significantly
younger at the time of surgery with a median age of 55 years
(range 15–74) compared to 58 years (range 13–81) in patients
of the initial cohort (p=0.0007). Comparing the DXA cohort
with complete measurements both at t1 and t2 (n=88 hips) to
the patients with measurement only at t1 (n=58 hips), no
significant differences with regard to BMI (p=0.85), age at
time of surgery (p=0.07) and preoperative diagnosis
(p=0.48) were observed (Table 1).

Clinical findings

Mean HHSs at t1 and t2 are given in Table 2. Assessment of
patient activity at final follow-up according to Devane et al.
[14, 15] indicated that the patient cohort was active, in
general, with a mean score of 3.0 for male and 2.93 for female
patients. In the male group, activity levels were grade 1
(1 patient), grade 2 (5 patients), grade 3 (22 patients) and
grade 4 (7 patients). In the female group, activity levels were
grade 1 (0 patients), grade 2 (6 patients), grade 3 (34 patients)
and grade 4 (3 patients), respectively. There was no significant
difference between males and females with regard to mean
activity levels (p=0.60).

Radiographic findings

On radiographic evaluation at t1 and t2, regular femoral
bone ongrowth was seen in all cases, and there were no

Fig. 2 Mapping of the peripros-
thetic regions of interest (ROI)
around the stem according to
Gruen et al. [16]

Harris hip score

Total Female Male

DXA collective (t1), n=146 74 (27–99) 68 (30–99) 80 (27–99)

DXA collective (t1), n=88 73 (27–99) 60 (30–99) 82 (27–99)

DXA collective (t2), n=88 80 (25–100) 77 (25–100) 83 (44–100)

Table 2 Mean Harris hip scores
of the DXA cohort at 12 (t1)
and 17 (t2) years postoperatively
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signs of radiographic loosening. No radiographic signs of
stress-shielding in the proximal femur, no cortical
hypertrophy and no signs of progressive osteolysis were
detected. Comparing the first postoperative radiographs
to the radiographs taken at t1 and t2, no stem subsidence
(>5 mm) was observed.

Overall BMD (netavg)

Over the 5-year follow-up period, BMD netavg values for
the entire cohort of 88 hips remained at a stable level
(−0.017 g/cm²/−1.4%, Fig. 3). Absolute netavg BMD was
higher in male patients than in female patients both at t1
and t2. There was a slight decrease in absolute netavg BMD
between t1 and t2, with −0.024 g/cm2 for female patients
and −0.010 g/cm2 for male patients. In relative terms,
netavg BMD decreased slightly to 97.6% (t2) in female
patients, whereas in male patients, no change in relative
netavg BMD was seen (t2, 99.8%). No significant
difference in netavg BMD changes between male and
female patients was observed (p=0.40). Netavg BMD
values and estimated netavg BMD changes between t1
and t2 are given in Table 3 (male patients) and Table 4
(female patients).

BMD in ROIs 1–7

In the entire cohort, absolute periprosthetic BMD with
regard to the zones according to Gruen was lower in the
proximal regions (ROIs 1 and 7) and higher in the distal
regions (ROIs 3, 4 and 5) compared to the intermediate
regions (ROIs 2 and 6). This finding was consistent for
both male and female patients.

In male patients, a nonsignificant increase in BMD was
observed in ROI 2 (+0.027 g/cm) and ROI 4 (+0.012 g/cm2),
and there was a statistically significant decrease in
BMD in the calcar region (ROI 7) with −0.042 g/cm2

(p=0.02).

Fig. 3 Mean overall BMD (netavg) of the entire cohort (88 hips) in
g/cm2 at 12 (t1, 1,211 g/cm2, 95% CI: 1,166–1,255 g/cm2) and 17
(t2, 1,194 g/cm2, CI95%: 1,149–1,238 g/cm2) years postoperatively T
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In female patients, statistically significant changes in
BMD were seen in ROI 1 (−0.037 g/cm2; p=0.001), ROI 4
(−0.029 g/cm2; p=0.001), ROI 6 (−0.073 g/cm2; p=0.001)
and ROI 7 (−0.061 g/cm2; p=0.02).

Relative changes in periprosthetic BMD are demonstrated
in Fig. 3. The lowest relative BMD values at t2 were
observed in the calcar region (ROI 7) for both males (t2,
95.7%) and females (t2, 93.4%). BMD values and estimated
BMD changes in ROIs 1–7 between t1 and t2 are given in
Table 3 (male patients) and Table 4 (female patients).

Discussion

Bone resorption at the proximal femur is commonly seen
after THA, especially after implantation of uncemented
components [8, 19, 21–24]. The etiology of periprosthetic
bone remodeling is multifactorial. It is observed in all stem
designs, and the amount of bony remodeling is dependent
on patient- and implant-related factors [25–27].

The most rapid changes in periprosthetic BMD occur
early within the first 3–12 months after implantation [28,
29]. Greatest bone loss is detected in the metaphyseal
region due to altered load transmission with a more distal
stress transfer after implantation of the femoral component.
Whereas some authors suggest that stress-shielding will
stabilize after the initial remodeling process and a plateau
phase in well-fixed stems is reached at 12–36 months
postoperatively [24, 30], others report progressive bone loss
around the stem up to 42% [9] in the calcar region and 36%
[8] in the greater trochanter. Karachalios et al. [31]
performed a prospective randomized study on four different
stem designs and reported a slow progressive recovery of
initial bone loss up to 10 years postoperatively in all groups,
postulating that the phenomenon of stress-shielding is
overestimated in the literature.

Little is known about the changes in periprosthetic BMD in
the second decade. There is concern that continuous femoral
periprosthetic bone loss may predict adverse clinical outcomes
such as periprosthetic fractures and late aseptic loosening.
Moreover, revision arthroplasty can be more difficult when a
poor bone stock is present. Thus, substantial data about the
changes in periprosthetic BMD is crucial for the assessment of
long-term stem performance [28].

The important question to be addressed in this study is
whether bone loss continues in the second decade around
well-fixed uncemented femoral implants. In the performed
radiographic evaluation, all patients included in the study
showed a stable stem with good osteointegration and no
radiographic signs of stress-shielding or distal cortical
hypertrophy, so the results can be regarded as normative
for the CLS stem. Our data demonstrate that overall BMD
(netavg) remained stable during the observation periodT
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between 12 and 17 years postoperatively. A statistically
significant decline in netavg BMD (p=0.04) was observed
in female patients; however, the decrease cannot be
considered as clinically relevant as the defined value
of −0.05 g/cm2 was not within the given 95% CI. No
significant difference in netavg BMD was seen in male
patients.

With regard to the defined periprosthetic ROIs, we
observed a limited remodeling process with slight bone loss
in the calcar region in males (ROI 7) and in the proximal
(ROIs 1, 6, 7) and distal (ROI 4) regions in females.
However, these changes are of limited clinical relevance,
given that a precision error of 5% can occur using DXA
[22]. According to Hannan et al. [32], a yearly reduction in
BMD of about 1% can be attributed to normal aging.
Considering this, the estimated maximum decline to 93.3%
of the baseline value seen in the calcar region (ROI 7) in
females has to be interpreted accordingly.

The following limitations of the study should be
considered: From the initial DXA cohort, only 60% of
patients were available for follow-up measurement at t2.
However, there was no evidence that suggests a difference
in age at time of surgery, BMI and preoperative diagnoses
comparing the collective at t1 and t2. Patient demographics
showed a typical distribution of diagnoses leading to THA.
The low HHS at follow-up can be attributed to the
relatively high number of patients who had undergone
acetabular revision for failed acetabular components [33],
in most cases, with major reconstruction (cages), and the
natural decline of hip scores with age.

Moreover, we did not use the contralateral hip as control
to demonstrate the effect of aging, as a not negligible
number of patients received a contralateral THA in the
observation period, limiting the size of the final control
group. Secondly, BMD in the contralateral hip has to be
interpreted with caution, as up to 20% difference in BMD
in the diseased side may preexist [32, 34]. A further
limitation of the present study is the lack of postoperative
baseline BMD measurements. However, previously
reported results for the CLS stem [7] demonstrate that,
after the initial remodeling process, a plateau phase is
reached and no significant further bone loss in netavg BMD
occurs up to 156 months postsurgery. The present study
confirms this observation for the second decade and shows
that at this stage after THA BMD changes remain small and
are largely age- and sex-related.

Despite the lack of radiographic evidence, a slow
remodeling process with slight decline in BMD in the
proximal regions and stable conditions in the distal regions
seems to occur during the follow-up period. This confirms
previous observations that proximal loading cannot be
normalized with the use of certain stem designs that aim
for a proximal intertrochanteric fixation [10]. Moreover,

this finding is consistent with the hypothesis based on
previous studies suggesting that bone loss will be greatest
in areas in which physiologic loading is reduced by the
implant. We suggest that for the CLS stem the fixation
occurs more likely in the meta-diaphyseal region, which is
somewhat contradictory to the proximal load transfer
advocated by the designers of the implant [11]. Besides
altered load transfer associated with implant design, patient-
related factors that may affect periprosthetic bone loss have
to be considered. The observation that slight bone loss was
not strictly limited to the proximal regions but also occurred
in zones that are typically differently affected by stress-
shielding (i.e., ROIs 4 and 7) may be attributed to the
natural decline of BMD with age. Moreover, postmeno-
pausal alteration of bone regulation has to be regarded as a
potential factor influencing periprosthetic bone loss and
may explain why females were more strongly affected by
bone loss than males during the study period.

The results of our study demonstrate that there are no
clinically relevant changes in overall periprosthetic BMD
around stable straight uncemented CLS stems between 12
and 17 years postoperatively. However, continuous bone
remodeling with limited proximal bone loss occurs,
predominantly in female patients. Once secondary osteoin-
tegration of this uncemented, straight, grit-blasted stem has
occurred, stress-shielding remains minimal in the second
decade.

Conflicts of interest None.
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