
Acta Orthopaedica 2022; 93: 206–211  206

Continuous periprosthetic bone loss but preserved 
stability for a collum femoris-preserving stem: follow-up 
of a prospective cohort study of 21 patients with dual-
energy X-ray absorptiometry and radiostereometric 
analysis with minimum 8 years of follow-up

Andreas NYSTRÖM, Demostenis KIRITOPOULOS, Hans MALLMIN,     
and Stergios LAZARINIS 

Department of Surgical Sciences/Section of Orthopaedics, Uppsala University, Uppsala, Sweden
Correspondence: andreas.nystrom@surgsci.uu.se
Submitted 2021-04-29. Accepted 2021-11-18.

© 2021 The Author(s). Published by Medical Journals Sweden, on behalf of the Nordic Orthopedic Federation. This is an Open Access article distributed 
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/), allowing 
third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for non-commercial purposes, 
provided proper attribution to the original work.
DOI 10.2340/17453674.2021.1080

Background and purpose — We previously described a 
decrease in bone mineral density (BMD) in the calcar region 
2 years after insertion of the collum femoris-preserving 
(CFP) stem, but the implants were stable. Now we have 
examined the long-term changes in periprosthetic BMD and 
stability of the CFP stem.

Patients and methods — We conducted a minimum 
8-year follow-up of 21 patients from our original investi-
gation. We examined periprosthetic BMD by dual-energy 
X-ray absorptiometry (DEXA) and implant stability by 
radiostereometric analysis (RSA).

Results — Between 2 and 8 years 1 stem was revised 
due to aseptic loosening. Between 2 and 8 years we found 
a 14% (95% confidence interval [CI] 9–19) reduction in 
BMD in Gruen zone 6 and 17% (CI 6–28) in Gruen zone 7. 
From baseline the reduction in BMD was 30% (CI 23–36) 
in Gruen zone 6, 39% (CI 31–47) in Gruen zone 7, and 19% 
(CI 14–23) in Gruen zone 2. Between 2 and 8 years, RSA (n 
= 17) showed a mean translation along the stem axis of 0.02 
mm (CI –0.02 to 0.06) and a mean rotation around the stem 
axis of 0.08° (CI –0.26 to 0.41). From baseline mean sub-
sidence was 0.07 mm (CI –0.16 to 0.03) and mean rotation 
around the stem axis was 0.23° (CI –0.23 to 0.68) at 8 years.

Interpretation — There was continuous loss of proximo-
medial BMD at 8 years while the CFP stem remained stable. 
Proximal periprosthetic bone loss cannot be prevented by 
this stem.

A cause for concern after total hip arthroplasty (THA) is the 
loss of periprosthetic bone mineral density (BMD) during 
the first year after surgery (1-3). If continued, this loss could 
increase the risk of aseptic implant loosening, periprosthetic 
fractures, or both (4). Few long-term studies have investigated 
periprosthetic BMD. Moreover, the results of these studies are 
inconsistent. While some authors report continuous proximal 
bone loss (5,6) others have found restoration of BMD (7). 
To prevent BMD loss and sustain good proximal bone stock 
for future revision, short stems have been introduced (8). In 
the original study on the CFP stem at our institution (3) we 
reported a 31% reduction of BMD in Gruen zone 7 at 1 year 
post-surgery, despite the proposed proximal load transfer of 
this stem. We conducted a long-term follow-up of our CFP 
study (also referred to as the “original study”) for peripros-
thetic BMD, implant stability, radiographic evaluation, and 
clinical results. 

Patients and methods
Study design and population
Original study
This study was a prospective cohort study of the uncemented, 
short CFP stem in patients with primary osteoarthritis of the 
hip (OAH). Details on inclusion and exclusion criteria, the 
screening process, and patient characteristics have already 
been reported (3).

Patients with primary OAH and indication for uncemented 
THA were eligible for inclusion. Consecutive recruitment 
took place from March 2008 to March 2009. 
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30 patients (18 women) with a mean age of 56 years (42–65) 
were recruited. BMI was 27 (20–35). They were scheduled for 
THA with the uncemented CFP stem and the uncemented tra-
beculae-oriented pattern (TOP) cup (Waldemar Link GmbH & 
Co. KG, Hamburg, Germany). Patients were followed up for 2 
years with dual-energy X-ray absorptiometry (DEXA), radio-
stereometric analysis (RSA), the Harris Hip Score (HHS), and 
plain radiography. 

3 patients were excluded during the original study: 1 due to 
revision because of early, deep infection and 2 because they 
received a different type of femoral stem for perioperative fis-
sures of cortical bone. RSA was not possible for 1 patient for 
technical reasons, leaving 27 patients (26 for RSA). 

Present study
We performed a long-term follow-up of the cohort of the orig-
inal CFP study by Lazarinis et al. (3).

Exclusion criteria for the follow-up investigation were revi-
sion surgery performed on the ipsilateral hip, deceased, having 
moved from Uppsala County, lost to follow-up, or otherwise 
unable to participate. 

Of the 27 patients from the original study, 6 were not avail-
able for this study (Figure 1). Of these 6 patients, 3 had under-
gone cup revision surgery but were perioperatively found to 
have well-fixed stems. 1 patient was revised due to stem and 
cup loosening. All revisions were due to aseptic loosening and 
the remaining 2 patients reported no implant-related problems 
but declined further participation. 

This study included 21 patients (10 women) with a median 
age of 64 years (55–73) and a median BMI of 27 (20–32). 

Implant and surgery
2 experienced surgeons performed the surgery. Details on the 
surgical procedure and implants are available in the original 
article (3).

Dual-energy X-ray absorptiometry (DEXA) 
DEXA scans of the operated hip were performed by 1 of 2 
authors (AN, DK) using a Prodigy Advance system (GE-
Lunar, Madison, WI, USA). We analyzed periprosthetic BMD 
in the 7 zones of Gruen with the dedicated software provided 
by the manufacturer. The precision at our institution for peri-
prosthetic BMD measurements has previously been reported 
(coefficient of variation ranges from 1.1% to 5.7%) (3).

Radiostereometric analysis (RSA) 
The tantalum marking of implants and bone perioperatively is 
described in the original article (3). Mean errors of rigid body 
fitting were < 0.35 for all but 1 of the included rigid bodies 
(0.39) and condition numbers were < 90 for all but 1 (127). 

Clinical and radiographic outcome 
The HHS was used to evaluate hip function. Standard pelvic, 
anteroposterior, and lateral hip digital radiographs were 
obtained and assessed for radiolucency and subsidence by AN. 

Statistics
The size of the original cohort was determined by a power 
analysis of the primary endpoints of the original study: peri-
prosthetic BMD in Gruen zone 7 measured with DEXA and 
subsidence measured with RSA (3). According to this analysis 
20 patients would be sufficient to detect a BMD difference of 
1 standard deviation in Gruen zone 7 and a subsidence of more 
than 2 mm with a power of 80%, if a 2-tailed alpha of 0.05 
were applied. Statistical calculations were performed with 
SPSS Statistics software version 27 (IBM Corp, Armonk, NY, 
USA). 

Standard descriptive statistics were used to summarize the 
data as appropriate. 

The within-subjects effect was calculated using a repeated 
measures ANOVA. The Greenhouse–Geisser adjustment was 
applied if sphericity was violated according to Mauchly’s test. 
In hypothesis testing the level of significance was set to 5% (p 
< 0.05), and 95% confidence intervals (CIs) were calculated.

Ethics, funding, and potential conflicts of interests
The study was performed in compliance with the provisions of 
the Helsinki Declaration. All patients gave written informed 
consent, and approval was given by the Regional Ethics Com-
mittee in Uppsala (Dnr 2007/105/2). AN received a grant from 
the foundation Tore Dahléns minne and Stenholms foundation 
at Norrlands nation. None of the authors have any conflicts of 
interest. 

Results
Dual-energy X-ray absorptiometry 
Between 2 and 8 years we found a 14% (CI 9–19) reduction 
in BMD in Gruen zone 6 and 17% (CI 6–28) in Gruen zone 

Figure 1. CONSORT flowchart. Numbers represent patients available 
for follow-up. 

Original study
n = 30

Follow-up at 2 years
n = 27

(26 available for RSA)

Follow-up at 8 years
n = 21

(17 available for RSA)

Excluded (n = 3):
– perioperative fissure, 2
– early infection, 1

Excluded (n = 6):
– declined to participate, 4
– moved from Uppsala County, 2
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7 while changes in BMD in Gruen zones 1–5 
were minor. From baseline there was a 19% 
(CI 14–23) reduction in BMD in Gruen zone 
2, 30% (CI 23–36) in Gruen zone 6 and 39% 
(CI 31–47) in Gruen zone 7 at the 8-year fol-
low-up (Figure 2, Table 1).

Radiostereometric analysis 
Between 2 and 8 years, 3 stems displayed 
rotation around the Y-axis exceeding the 
precision error of the original study (0.83°), 
with a maximum of 1.7° in retroversion, and 
5 stems displayed translation along the Y-axis 
exceeding the precision error of the original 
study (0.14 mm) with a maximum of 0.17 
mm of subsidence. Mean translation along the 
Y-axis was 0.02 mm (CI –0.02 to 0.06) and 
mean rotation around the stem axis was 0.08° 
(CI –0.26 to 0.41) from 2 to 8 years.

At 8 years, translation along and rotation 
around the X-, Y-, and Z-axis was small com-
pared with baseline. 6 stems displayed rota-
tion around the Y-axis exceeding the precision 
error of the original study with a maximum of 
1.9° in retroversion. 8 stems displayed transla-
tion along the Y-axis exceeding the precision 
error of the original study with a maximum of 
0.43 mm of subsidence. From baseline, mean 
translation along the Y-axis was –0.07 mm 
(CI –0.16 to 0.03) and mean rotation around 
the stem axis was 0.23° (CI –0.23 to 0.68) at 8 
years (Table 2, Figure 3).  

Clinical and radiographic outcome
The mean HHS at 8 years was 95 (82–100) 
compared with 52 (24–77) preoperatively and 
99 (92–100) at 2 years. Radiologically, there 

Table 1. Mean BMD (g/cm2) and (95% CI) at the different time points for Gruen zones 1–7

Gruen
zone 2 days 1 year 2 years 8 years

1 0.81 (0.73–0.88) 0.77 (0.68–0.87) 0.79 (0.69–0.89) 0.82 (0.71–0.93)
2 1.46 (1.37–1.54) 1.29 (1.17–1.41) 1.26 (1.14–1.38) 1.19 (1.07–1.30)
3 2.18 (2.07–2.29) 2.17 (2.08–2.27) 2.18 (2.08–2.28) 2.15 (1.97–2.33)
4 2.08 (1.95–2.20) 1.99 (1.86–2.12) 1.98 (1.84–2.13) 1.94 (1.75–2.13)
5 2.20 (2.10–2.30) 2.14 (2.05–2.23) 2.15 (2.06–2.25) 2.14 (2.00–2.27)
6 1.70 (1.61–1.78) 1.38 (1.27–1.50) 1.39 (1.26–1.51) 1.19 (1.04–1.35)
7 1.55 (1.46–1.65) 1.08 (0.94–1.22) 1.14 (0.98–130) 0.94 (0.77–1.11)

BMD = bone mineral density.
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Table 2. Migration from baseline at 8 years as measured with radiostereometric analy-
sis in 17 available patients a

Factor Mean Range 95% CI

X-translation (mm) medial+/lateral– –0.031 –0.37 to 0.44 –0.12 to 0.056
Y-translation b (mm) proximal+/distal– –0.066 –0.43 to 0.34 –0.16 to 0.029
Z-translation (mm) anterior+/posterior– 0.044 -0.58 to 0.46 –0.073 to 0.16
X-rotation (°) anterior tilt+/posterior tilt– –0.012 –1.20 to 0.59 –0.23 to 0.20
Y-rotation (°) retroversion+/anteversion– 0.23 –1.32 to 1.91 –0.23 to 0.68
Z-rotation (°) valgus+/varus– 0.036 –0.39–0.64 –0.?? to 0.17

a RSA could not be performed in 4 of the patients for technical reasons.
b Distal translation along the Y-axis is equivalent to subsidence of the stem.

Figure 2. Changes in periprosthetic bone mineral density from baseline (n = 21). P-values 
represent significance in change between 2 and 8 years (above bars). Error bars repre-
sent 95% confidence intervals.
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was no sign of stem subsidence or rotation, but 1 patient dis-
played a radiolucent line along the proximolateral margin. 
2 stems had been revised, 1 during the original study due to 
early, deep infection and 1 between 2 and 8 years for aseptic 
loosening.

Discussion 

We confirmed 2 main findings concerning periprosthetic bone 
loss. One finding showed that periprosthetic BMD around the 
CFP stem did not recover between 2 and 8 years. On the con-
trary, there was a continuous loss of BMD, which was statisti-
cally significant in the proximomedial parts of the femur. The 
second finding is that the CFP stem remained stable with only 
minor micromotion as measured by RSA.

The highest rate of periprosthetic BMD loss after unce-
mented THA has been observed in the first year after surgery 
(9,5,10), as we also reported in our original study (3). Our find-
ings in the present study are in line with those of several pro-
spective studies on uncemented, conventional stems showing 
plateauing or even continuous loss of proximal periprosthetic 
BMD up to the 3rd decade after surgery (5,6,11,12). In contrast 
to this, in an RCT on 80 female patients receiving 1 of 4 unce-
mented conventional stems, a recovery with increasing BMD 
was seen between 2 and 10 years postoperatively (7). Accord-
ing to Wolff’s law, stress shielding accounts for reduction in 
proximal BMD as load is shifted from the proximal part of the 
femur, through the rigid implant to cortical bone in the diaph-
ysis (13,14). Although the clinical implication of proximal 
periprosthetic BMD loss remains unclear, short stems have 
been introduced into surgical practice with the aim of reduc-
ing BMD loss (15,16). Ultra-short stems have shown BMD-
sparing effects in the short to medium term (17,18). However, 
the pattern of change in periprosthetic BMD depends on stem 
design and some stems (e.g., the CFP stem) show the same 
pattern of BMD loss as conventional stems (16,19,20). The 
position and size of the Gruen zones are defined in relation 
to the length of the implanted stem. Thus, the Gruen zones 
differ considerably between an ultra-short and a conventional 
stem, not only in size but also in position in the proximal 
femur. There are only a few long-term studies of short stems. 
A prospective study of an ultra-short stem (Proxima, DePuy, 
Leeds, UK) showed no proximal BMD loss (Gruen zones 1 
and 7) after 14 to 17 years compared with preoperative BMD 
(21). Long-term studies of the CFP stem are scarce. The few 
available studies show good clinical results but lack data on 
BMD measured with DEXA (22,23). A prospective study with 
long-term BMD results of the CFP stem has been performed 
in which quantitative computed tomography was used up to 
7 years postoperatively (20). In keeping with our study, the 
authors found no restoration of proximal periprosthetic BMD. 

A recently published, prospective, short-term study con-
firmed the results from our original report of the CFP stem 

showing good implant stability (24). Our study is the first to 
report on long-term RSA data on the CFP stem. The early find-
ings of good stability remain, which, combined with excel-
lent clinical outcome, support the observation that small early 
micromotion on RSA indicates a low late revision rate (25). 
It also shows that periprosthetic BMD loss does not affect 
implant stability in the long run. This could indicate that the 
implant, because of its tri-planar stability, is acting more or 
less as a conventional stem.

1 patient in the original study showed subsidence of the 
stem of 1.9 mm at 2 years. Unfortunately, no RSA data could 
be obtained for this patient at 8 years for technical reasons; 
however, plain radiographs showed no further subsidence 
from 2 to 8 years. BMD loss for this patient was below aver-
age for the cohort. The patient had no symptoms, a score of 
100 on the HHS and the stem was clinically stable at 8 years. 

The original study was designed with the power to evaluate 
effects of BMD and implant stability, not clinical and radio-
logic outcome, and implant survival. The long-term clinical 
outcome for HHS in our cohort is comparable to what has 
been described for short and conventional uncemented stems 
in THA (26-28). 

2 stems from the original cohort were revised, rendering an 
8-year stem survival of 93% in the present prospective cohort 
study in a per-protocol analysis. 

Other medium- to long-term retrospective studies of the 
CFP stem report similar rates of 5–10-year survival of approx-
imately 95%, which is slightly lower than conventional unce-
mented stems (29-31). Regrettably, these studies lack informa-
tion on BMD and implant stability from RSA.

The strengths of our study are the prospective design and the 
combination of DEXA and RSA, making it possible to evaluate 
whether the observed stress shielding has an impact on implant 
stability. To our knowledge there are no other prospective stud-
ies on BMD and implant stability on the CFP stem. 

Our study has weaknesses. First, 6 patients were lost to 
follow-up for various reasons. Nevertheless, we could obtain 
information on the revision status of these patients. Notably, 
only 1 patient had undergone stem revision (in addition to cup 
revision) due to aseptic loosening. In 3 of these patients, cup 
revision had been performed and the stems were found to be 
well fixed perioperatively. For technical reasons, RSA data 
could not be obtained in 4 patients. However, in RSA studies 
issues with unstable markers, insufficient quality of images, 
and difficulties in pairing of markers are well known and loss 
of investigations is to be expected (32).

Second, the reduced cohort size at 8 years might introduce 
a type II error making us unable to detect a continuous loss of 
periprosthetic BMD in other Gruen zones as well as in zones 6 
and 7. However, the initial power calculation indicated that 20 
patients would be sufficient to detect a BMD loss of 1 standard 
deviation at Gruen zone 7 (3). BMD changes below that level 
were not considered clinically relevant, although the minimal 
clinically relevant BMD difference is unknown. 
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Because different stem design within the group of short or 
ultra-short stems has resulted in a different pattern of bone 
remodeling and because the long-term clinical implications of 
periprosthetic BMD loss remain unclear, further studies are 
necessary to evaluate these issues (33). 

Our findings suggest that the CFP stem shows good clini-
cal results and stable fixation, but continuous proximal BMD 
loss up to 8 years postoperatively. The design with suggested 
proximal load transfer does not seem to result in lower stress 
shielding than conventional uncemented stems.

SL and HM planned the study. AN and DK collected the data and performed 
DEXA analyses. SL performed RSA analyses. AN and SL performed statis-
tical analyses. AN wrote the first draft. All authors revised the manuscript. 
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with RSA and radiology.
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