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Abstract
Purpose Short-stem hip arthroplasty (SHA) was designed to preserve bone stock and provide an improved load transfer. To gain
more evidence regarding the load transfer, this review analysed the periprosthetic bone remodelling of SHA in comparison to
standard hip arthroplasty (THA).
Methods PubMed and ScienceDirect were screened to extract dual-energy X-ray absorptiometry (DXA) studies evaluating the
periprosthetic bone remodelling of SHA and two proven THA designs. From the studies included, the postoperative change in
periprosthetic bone mineral density (BMD) after one year and the trend over two years was determined.
Results Fifteen studies with four SHAs (CFP, Metha, Nanos, Fitmore) and two THAs (CLS and Bicontact) designs were
included. All SHA and THA stems revealed an initial decrease at the calcar and major trochanter (Gruen 1 and 7) with the
Metha, Nanos and Fitmore showing a smaller and more balanced remodelling compared to THA. The pattern after one year and
the trend over two years argue for a methaphyseal anchorage of the Metha and Nanos, whereas the Fitmore and CFP seem to
anchor metha-diaphyseal. Clearly different pattern of bone remodelling were observed between all four SHAs.
Conclusions Periprosthetic bone remodelling is also present in SHA, with the main bone reduction observed proximally.
However, certain SHA stems show a more balanced remodelling compared to THA, arguing for a favourable load transfer.
Also, the femoral length where bone remodelling occurs is clearly shorter in SHA. As distinctively different pattern between the
SHA designs were observed, they should not be judged as a single implant group.
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Introduction

Cementless anchorage of total hip arthroplasty (THA) has
become a standard fixation with excellent long-term results
being reported. A perquisite is sufficient bone stock with a
good biological host response for osseous integration and im-
plant fixation. However, the long-term success is also deter-

mined by the mechanical adaptation of the skeleton to the load
transfer of the implant [1]. Irregular load pattern can lead to
adverse bone remodelling effects, commonly referred as stress
shielding. Stress shielding can cause significant bone loss
around the implant and result in an early implant failure with
difficult revision situations [2].

Short-stem hip arthroplasty (SHA) has recently gained
popularity as it preserves femoral bone stock and is also as-
sumed to provide a more physiological load transfer compared
to conventional THA [3, 4]. Various studies have reported a
good short- and medium-term outcome [5–8]. Nevertheless,
long-term studies explicitly proofing the favourable load
transfer are not available yet. Additionally, a variety of SHA
implants has recently been introduced, most of them with
distinct differences in the design regarding the stem length,
levels of osteotomy and insertion techniques. Yet, the impact
of these differences on bone remodelling is unknown.
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The periprosthetic bone remodelling processes can be
assessed by dual-energy X-ray absorptiometry (DXA) and
detect the specific load transfer as well as stress shielding
processes [9]. For SHA, several studies have evaluated the
periprosthetic bone mineral density (BMD) and reported a
reduced BMD loss in the proximal femoral regions [4, 6,
10–12]. Therefore, it is assumed that SHA provides a
favourable load transfer compared to standard THA.
However, the results of these studies also revealed distinct
differences in the bone remodelling regarding the different
SHA designs.

To further evaluate and compare the bone remodelling after
SHA, the present study systematically reviewed the current
literature and summarised the tendency of periprosthetic
BMD changes. The aim was to compare the BMD changes
of established SHA stems and also compare the results with
those of proven conventional THA stems.

Materials and methods

Ethics statement and guidelines

This systematic review retrospectively analysed published
clinical data. After contacting the Ethics Committee (Ethical
Committee University of the LMU), it was stated that neither a
special ethics review nor ethical approval was needed. Due to
the retrospective nature using anonymous data no additional
informed consent of the patients was necessary. Our study was
conducted according to the preferred reporting items for sys-
tematic reviews [13].

Inclusion and exclusion criteria

Inclusion criteria were as follows: full text in English; studies
including patients with primary total hip (short or convention-
al) replacement due to osteoarthritis, osteonecrosis, traumatic
arthritis or femoral neck fracture; DXA used to evaluate the
periprosthetic bone remodelling; BMD data collected within
two months after surgery, which served as baseline value for
the subsequent DXA examinations; the evaluated SHA stems
were limited to the Metha (B.Braun, Aesculap, Tuttlingen,
Germany), Nanos (Smith & Nephew, London, UK), Fitmore
(Zimmer, Warsaw, IN, USA) and collum femoris preserving
(CFP; Link, Hamburg, Germany) stems, and the standard
stems were limited to the cementless Spotorno (CLS;
Zimmer, Warsaw, IN, USA) and Bicontact (B.Braun,
Aesculap, Tuttlingen, Germany) stem with proven long-term
results. Exclusion criteria were as follows: non-clinical
studies; no original reports on clinical outcomes such
as review articles, instructional course lectures or tech-
nique articles.

Information sources and search

A comprehensive literature search was performed using the
electronic medical databases PubMed and ScienceDirect until
July 2017 to identify all articles reporting the bone remodel-
ling of SHA stems and for the two conventional THA stems
(CLS and Bicontact). There was no limit for the publication
time. The search terms were as follows: (hip replacement OR
hip arthroplasty OR THA ORTHR) AND (bone remodelling
OR bone remodelling OR bone resorption ORBMDOR bone
mineral density OR dual-energy X-ray absorptiometry OR
DXA OR DEXA) AND (short stem OR metaphyseal OR
stemless OR CLS OR Spotorno Stem OR Bicontact).

Data extraction

Two reviewers screened the potentially relevant literature
based on titles and abstracts, and determined each eligible
published study based on full text according to the inclusion
criteria. Disagreements between two reviewers were judged
by an additional reviewer. Unpublished studies were not
searched or included. In the absence of the data of the BMD
changes, they were obtained from the graphs. The
periprosthetic BMD changes were extracted according to the
established Gruen zones (1, greater trochanter; 2, proximal
lateral; 3, distal lateral; 4, stem tip; 5, distal medial; 6, proxi-
mal medial; 7, calcar) [14]. The following data were extracted
independently by two investigators from each study: author,
stem type, number of female and male patients, mean age,
mean body mass index (BMI), follow-up times and BMD
changes. In all the studies, the BMD changes were compared
to the 7-day post-operative DXA measurement.

Statistical analysis

The BMD changes (mean ± SD) for each implant were calcu-
lated from the included studies at the follow-up of one year.
The overall trend of BMD changes over the study period of
each single implant was revealed by the linear regression
analysis.

Results

Study identification

The search strategy retrieved 238 records from PubMed/
Medline and 343 from ScienceDirect. After removing 21 du-
plicates, 560 references were screened based on title and ab-
stract. According to the predefined criteria, 543 reports were
excluded and from 17 the full-text was screened, from which
one was excluded due to repeated date and 16 studies were
included (Fig. 1).
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Study characteristics

The characteristics of the 16 studies are shown in Table 1. Ten
studies evaluated SHA stems: three partial collum stems—
Metha (n = 5, mean follow-up 21.6 months), Nanos (n = 2,
mean follow-up 12 months), CFP (n = 1, follow-up
24 months)—and one trochanter sparing stem—Fitmore
(n = 2, mean follow-up 12months). Six studies evaluated con-
ventional THA stems: CLS (n = 4,mean follow-up 48months)
and Bicontact (n = 2, mean follow-up 18 months).

Periprosthetic bone remodelling

The periprosthetic BMD changes for SHA and THA at the
1 year follow-up are summarised in Fig. 2 and Table 2. The
overall trend of BMD changes in Gruen zones 1-7 for all
implants are displayed in Fig. 3.

All SHA and THA stems showed a reduction in the
periprosthetic BMD of the proximal regions. Also, all studies
revealed a trend towards a decreased periprosthetic BMD after

three or six months post-operatively, with a marked decrease
at Gruen zones 1 and 7. Most of them showed that the reduced
BMD in these regions did not completely recover after one
year, whereas the more moderate reduction in the BMD at
other Gruen zones partially recovered.

SHA implants

Metha stem

The mean BMD at 12 months post-operatively decreased in
all Gruen zones except for zones 5 and 6. The highest increase
was observed for Gruen zone 6 (+5.7%) and the highest de-
crease for zone 7 (−12.5%). In the further course until
24months, the meanBMD increased again in all Gruen zones.
The BMD even exceeded the baseline in Gruen zones 2, 5 and
6 with the highest increase observed in zone 6 (+9.2%). The
BMD also recovered in the proximal femur, Gruen zones 1
and 7, but the baseline was not completely reached (−2.5%
and −0.9%) (Fig. 2). Overall, a trend towards a permanently

Fig. 1 Flow chart showing the
process of identifying eligible
studies
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increased BMD was noted for Gruen zones 2, 5 and 6 and a
slightly decreased BMD at Gruen zones 1 and 7. Gruen zones
3, 4 and 5 show a trend of holding the baseline (Fig. 3).

Nanos stem

The mean BMD decreased after 12 months for all Gruen
zones except for zone 6. The highest increase was observed
in Gruen zone 6 (+5.4%) and the highest decrease for zone 1
(−13.7%) and 7 (−8.4%) (Fig. 2). The Gruen zones 3, 4 and 5
(all −0.7%) showed a trend to keep the preoperative baseline,
whereas Gruen zone 6 revealed a trend towards a permanent
increased BMD and Gruen zones 1 and 7 for a permanent
decrease (Fig. 3).

Fitmore stem

The mean BMD decreased 12 months post-operatively for all
Gruen zones except for zones 3 (2.3%) and 5 (0.2%). The
highest decrease was observed for Gruen zone 2 (−5.0%) as
well as for Gruen zone 7 (−4.5%) and 4 (−3.2%) (Fig. 2).
Overall, a trend towards a permanently increased BMD was
noted for Gruen zones 3 and 5 and a slightly decreased BMD

at Gruen zones 1 and 7. Gruen zones 2, 4 and 6 show a trend
towards holding the baseline (Fig. 3).

CFP stem

Only one study was available for the CFP stem, which showed
a decreased BMD for all Gruen zones 12 months after implan-
tation. A highly decreased BMD was observed for the Gruen
zones 7 (−30.9%), 6 (−19.2%) and 2 (−13.3%), and a moder-
ate decrease for zone 1 (−6.8%) (Fig. 2). Overall, a trend
towards a permanently decreased BMD was noted for Gruen
zones 2, 6 and 7, whereas zones 3 and 5 show a trend towards
holding the baseline or even increased BMD in the further
course (Fig. 3).

THA implants

CLS stem

The mean BMD at 12 months post-operatively decreased in
all Gruen zones, with the highest decrease seen for Gruen zone
7 (−18.3%) as well as 1 (−8.8%) and 6 (−8.7%) (Fig. 2). In the
further course until 24 months the mean BMD increased again

Table 1 Details of included
studies Number

of
patients

Mean
age
(years)

Mean
BMI

Female
/male

Follow-up
(months)

Metha stem

Brinkmann et al. [15] 24 58.7 27.1 12/12 12

Synder et al. [16] 36 50.4 NR 18/18 12

Jahnke et al. [17] 40 55.4 26.9 20/20 12

Lerch et al. [4] 25 58.9 24.6 9/16 24

Parchi et al. [18] 20 54 NR 11/9 48

Nanos stem

Brinkmann et al. [15] 26 59.7 27.1 10/16 12

Zeh et al. [19] 25 59.9 29 10/15 12

Fitmore stem

Freitag et al. [6] 57 56.8 29.7 21/36 12

Gasbarra et al. [12] 33 62.3 23.8 18/15 12

CFP stem

Lazarinis et al. [20] 27 56 27 18/9 24

CLS stem

Freitag et al. [6] 81 59.1 28.3 31/50 12

Wolf et al. [21] 38 54 27 18/20 60

Aldinger et al. [9] 61 56.2 27.9 31/30 156

Sabo et al. [22] 53 53.7 26.8 29/24 >60

Bicontact stem

Lerch et al. [23] 25 68 27.5 9/16 24

Stukenborg-Colsman
et al. [24]

24 68 27.5 12/12 12

NR not reported
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Fig. 2 Periprosthetic bone
mineral density (BMD) changes
[%] compared to the baseline at
the 1-year follow-up
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in most Gruen zones but remained decreased especially for
zone 7 (−14.5%). Over the study period of 2 years, an overall
trend towards a persistently and highly decreased BMD was
observed for Gruen zone 7 and moderately for zones 1, 2 and
6 (Fig. 3).

Bicontact stem

The mean BMD decreased after 12 months for all Gruen
zones except for zones 4 and 6. The highest decrease was seen
proximally, for Gruen zones 1 (−11.4%) and 7 (−8.4%)
(Fig. 2). In the further course until 24 months the mean
BMD increased again in most Gruen zones but remained de-
creased especially for zone 1 (−14.5%). In contrast, in Gruen
zones 4 and 6 the BMD exceeded the baseline. Over the study
period of 2 years, an overall trend towards a persistently de-
creased BMD was observed for Gruen zone 1 and a moder-
ately increase for zones 2, 6, and 4 (Fig. 3).

Discussion

This review analysis demonstrates that SHA stems should not
generally be summarised as one single implant group, as the
periprosthetic bone remodelling is highly dependent on the
particular stem design. The data further show that SHA cannot
completely avoid proximal bone remodelling and stress
shielding. However, compared to the evaluated standard
THA stems, some of the SHA designs seem to provide a
closer physiological load transfer.

A periprosthetic BMD reduction was consistently observed
for all four SHA implants in the proximal Gruen zones 1 and
7; however, with clear differences between the stems. For the
Metha stem, a neck-preserving implant, the BMD decreased
proximally (Gruen 1 and 7) and increased at the minor tro-
chanteric level (Gruen 2 and 6). The increase at the minor
trochanteric level is confirmed by clinical observations
reporting about visible trabecular structures in Gruen zone 2
and 6 over the years, which can be considered as osseous
integration due to the methapyseal load transfer [4]. In con-
trast, the BMD in the distal regions (Gruen 3, 4 and 5) only

marginally changed and goes along with the clinical absence
of thigh pain or cortical hypertrophy [5, 24, 25]. A decreased
BMD was observed at the proximal level of the Metha stem,
which increased in the further course, but did not completely
return to the baseline. These results show that the Metha stem
is able to achieve a metaphyseal load transfer, but cannot
completely avoid a proximal reduction in periprosthetic
BMD.Nevertheless, theMetha stem is able to avoid high rates
of bone remodelling and stress shielding, which is confirmed
by several studies reporting a stable implant with low rates of
aseptic loosening [5, 25, 26].

The Nanos stem is designed to have an extended contact
area at the calcar region. Similar to theMetha stem, the highest
load transfer was found at Gruen 6 confirming the anchorage
in the calcar region. The success of a stable osseous integra-
tion is confirmed by clinical migration studies [15, 27]. Only
minor BMD changes were observed at the distal level in
Gruen 3, 4 and 5 supporting the proximal load transfer of
the Nanos stem. Nevertheless, also the Nanos stem showed
postoperatively a clear primal decrease of the BMD (Gruen 1
and 7), which is in accordance with a previous finite element
study [28]. Contrary to the Metha stem, the major BMD re-
duction was observed in the greater trochanteric region (Gruen
1) and is probably related to the higher load transfer at the
calcar, striven by the implant design. Thus, similar to the
Metha stem, the Nanos revealed a proximal decrease in
BMD but also seems to achieve the main anchorage in the
metaphyseal calcar region.

The Fitmore exhibited a completely different pattern of
bone remodelling, with only a moderate decrease of the
BMD at the proximal femur (Gruen 1 and 7). However,
after only 12 months the BMD in Gruen 3 and 5 was
increased and showed the highest tendency among the
SHA designs for a further increase. This argues for a more
distal anchorage and seems be related to the wider distal
stem design of the Fitmore compared to the Nanos or
Metha stem. This is supported by the clinical studies of
Maier et al. [29], who reported about distal cortical hy-
pertrophy (Gruen 3 and 5) in 63% of the patients.
Although, no increased rate of thigh pain or loosening
was observed after a mean of 3.3 years, the observations

Table 2 Periprosthetic bone mineral density (BMD) at the 1 year follow-up measured by DXA

Gruen 1 Gruen 2 Gruen 3 Gruen 4 Gruen 5 Gruen 6 Gruen 7

SHA
Metha (n = 5) −7.7% (−11.5; 0.0) −0.2% (−7.8; 6.4) −0.8% (−4.1; 3.3) −0.4% (−4.7; 4.7) 0.3% (−4.9; 3.3) 5.7% (1.8; 8.9) −12.5% (−23.3; −7.5)
Nanos (n = 2) −13.7% (−15.4; −12.1) −4.1% (−5.0; −3.3) −0.7% (−1.8; 0.4) −0.7% (−1.4; 0.0) −0.7% (−0.9; −0.5) 5.4% (−1.3; 12.0) −8.4% (−11.8; −4.9)
Fitmore (n = 2) −2.1% (−5.8; 1.7) −5.0% (−5.2; −4.8) −5.0% (0.4; 4.1) −3.2% (−4.6; −1.8) 0.2% (−1.8; 2.1) −2.0% (−4.7; 0.6) −4.5% (−17.2; 8.3)
CFP (n = 1) −6.8% −13.3% −0.7% −4.9% −3.6% −19.2% −30.9%

THA
CLS (n = 4) −8.8% (−16.3; −2.2) −6.0% (−7.9; −4.1) −4.3% (−5.4; −2.6) −3.9% (−6.2; −2.6) −4.6% (−6.8; −2.7) −8.7% (−10.8; −6.6) −18.3% (−21.6; −16.7)
Bicontact (n = 2) −11.4% (−11.8; −11.1) −5.3% (−5.5; −5.0) −6.1% (−6.2; −6.1) 1.8% (0.9; 2.8) −4.2% (−5.1; −3.2) 2.3% (0.3; 4.3) −8.4% (−12.3; −4.6)

Mean BMD (range: minimum; maximum)
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argue for a more distal fixation clearly below the lesser
trochanter which might cause increased pattern of stress
shielding in the further course.

For the CFP stem, a drastic BMD reduction in the
proximal and calcar region (Gruen 1, 6 and 7) was noted
initially, with a clear trend of a further progression. The

Fig. 3 Overall trends of the periprosthetic bone mineral density (BMD)
changes [%] in Gruen zones 1-7 compared to the baseline over the course
of 2 years after surgery. Note the BMD reduction directly postoperatively

for almost all implants and the proximal BMD loss noted for THA and
SHA
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high proximal bone loss is confirmed by Formica et al.
[30], who described osteolysis in Gruen 1 and 7 in 84%
of the patients and a significant cortical loss at the calcar
in almost 30%. Similarly, Briem et al. [24] observed
osteosclerotic bone formation in about 65% distally
(Gruen 3 and 5) and none proximally (Gruen 1 and 7).
A CT-based osteodensitometry study described a progres-
sive cortical and cancellous bone loss proximally for the
CFP stem and, as the bone substance did not change
distally, a diaphyseal fixation was assumed [31]. In accor-
dance with those results, we found the lowest BMD
changes distally (Gruen 3 and 5), supporting the assump-
tion that the CFP stem provides a distal load transmission.
Noteworthy, despite the distal anchorage with a clear re-
duction of the proximal BMD, the long-term results of the
CFP stem show a high rate of stability and low rate of
aseptic loosing [32, 33].

Overall, the results of the analysed SHA stems impressive-
ly demonstrate that despite their uniform categorisation as
short stems, highly different pattern of load transfer and
periprosthetic BMD remodelling exist. For instance, the
Metha and Nanos stem show a predominantly metaphyseal
anchorage, while the Fitmore and CFP exhibit a more distal
load transfer. Moreover, despite sharing a metaphyseal an-
chorage, the Metha stem shows a higher BMD reduction in
the calcar region, while the Nanos revealed a higher reduction
in the major trochanteric region, a phenomenon which can be
related to the differing stem designs. Similarly, the CFP and
Fitmore stem seem to share a more distal load transfer, but the
latter did not reveal a high proximal bone loss. This impres-
sively shows the challenge of comparing and classifying this
heterogeneous group of SHA implants. In this context, several
different classifications have been proposed [34, 35], but are
all not satisfying in its entire.

This high variability of SHA stems aggravates a direct
comparison with THA stems. In this study, the CLS and
Bicontact were used for comparison as proven THA stems
with low rates of aseptic loosening. The CLS stem was
originally designed for a better proximal load transfer, but
it is well known that a certain stress shielding tendency
exist [36, 37]. This was also evident in our DXA analysis
with a clear BMD reduction in Gruen 1 and 7.
Accordingly, the Bicontact stem showed a proximal
unloading, however to a lower degree and with a concur-
rent increase in Gruen 4 and 6 arguing for a combined
deep metaphyseal and diaphyseal load transfer, as report-
ed before [38]. This proximal unloading is a known phe-
nomena for most standard THA stems [9, 11, 21, 39, 40],
but as shown in this DXA review is also present in SHA.
Nevertheless, the current study also shows that some of
the SHA stems, such as the Metha, Nanos and Fitmore,
seem to offer an overall lower rate of bone remodelling
compared to the evaluated THA stems.

It also has to be noted that the Gruen zones were originally
defined for standard THA and adapted to the single SHA
designs [11, 41]. Due to the differences in length between
SHA and THA, the Gruen zones do not correspond with
regards to the femoral length but rather reflect the pattern of
bone remodelling. This is an obvious advantage of the SHA
stems, as they are shorter than THA stems and the bone re-
modelling occurs over a clear shorter femoral length.

Further limitations of this study have to be considered.
First, we did not conduct a meta-analysis as the articles show
certain variations in the study design. Second, up to now only
a limited number of studies are available in the literature,
especially considering the number of SHA designs available.
Therefore the results can only account for the implants includ-
ed and for a definite conclusion further studies are necessary.
Third, the analysis only evaluated the bone remodelling ac-
cording to the different stem designs. As patient demographics
such as age, sex, BMD and body mass index (BMI) have
significant impact on the outcome, these might have influ-
enced our results. Fourth, we only included two conventional
THA stems for comparison. Thus, strictly speaking the com-
parison only refers to those THA designs and different stem
design might reveal differing pattern of bone remodelling.
Finally, the follow-up of the currently available studies is rel-
atively short, with many of them only reporting a follow-up of
two years. As bone remodelling continues over time and long-
term results are mandatory for definite conclusion, all SHA
implants evaluated should further be monitored critically.

In conclusion, the systematic review shows that bone re-
modelling due to stress shielding occurs in SHA and THA
stems. The calcar and greater trochanter regions exhibit the
main bone loss, which is most likely related to the reduced
proximal load transfer of the implants. Some, but not all eval-
uated SHA stems showed less periprosthetic BMD changes
especially at the proximal femur (Gruen 1 and 7), arguing for a
favourable and more physiological load transfer compared to
conventional THA stems. Furthermore, it has to be noted that
the femoral length where bone remodelling occurs is clearly
shorter in SHA compared to THA. Nevertheless, the results
also show that different short-stem designs lead to distinctly
different patterns of bone remodelling and thus should not be
judged as a single implant group.
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